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ABSTRACT 
 
The transfer of threatened animals from one location to another in order to benefit 
the species is a technique frequently used by animal conservation managers.  
However, very few of these relocations have experimentally assessed the relative 
merits and disadvantages of commonly used release techniques. Two species of 
hare-wallaby, mala (Lagorchestes hirsutus) and merrnine (Lagostrophus fasciatus), 
were reintroduced in August 2001 onto Peron Peninsula in Western Australia. 
These threatened species were reintroduced using two release strategies (soft versus 
hard release), and their subsequent movements and body condition were monitored 
using radio-telemetry and trapping. Prior to this study, little information was 
available on the ecology of either species, and no data were available to show how 
these animals reacted to reintroduction attempts. Results from the experimental 
reintroduction showed that the method of release did not affect site fidelity, body 
condition or survival of either species. Once settled post-reintroduction, both mala 
and merrnine regularly alternated between diurnal shelters, but continued to reuse 
some refuges over the course of the study. The hare-wallabies exhibited preferences 
for certain vegetation species and characteristics in which their diurnal shelters 
were located. Importantly, both species also showed flexibility in utilizing a range 
of vegetation types and adjusting this shelter to their requirements by altering 
unsuitable refugia characteristics. Mala and merrnine home ranges were generally 
smaller than anticipated and exhibited no difference in size between sexes. These 
results indicate that the quality and productivity of available vegetation was 
sufficient for the energetic requirements of the small reintroduced populations. The 
body condition results demonstrate that the reintroduced animals, bred and raised in 
captivity, were able to physically adapt to their new environment and survive on the 
wild food sources. In addition, the presence of pouch young in all female hare-
wallabies in autumn provides further evidence to suggest that the overall health of 
the animals was sufficient to allow sexual maturation and breeding success. 
Intestinal parasite studies found nematodes and protozoans to be present in 
reintroduced hare-wallabies, but these populations were unlikely to adversely affect 
health. This study has shown that hare-wallabies are robust and versatile animals 
that have the ability to cope with a range of vegetation communities, competition 
from exotic species and a level of habitat alteration. The implication of this finding 
is that these hare-wallaby species should maintain healthy body condition and 
breeding ability when reintroduced into a range of historically disturbed 
environments. However, although the hare-wallabies demonstrated an ability to 
adapt to a new environment and survive under extreme environmental conditions, 
they were not able to survive the level of predation applied by the remaining feral 
cats. Future reintroductions must take into account the severe impact of feral cats 
on small macropods, and implement appropriate management strategies to combat 
this factor. The knowledge gained by this study can now be used to enable 
conservation agencies and wildlife managers to implement improved and effective 
management strategies for the conservation of these and perhaps other similar 
macropods in arid and semi-arid environments. 
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1. INTRODUCTION 
 
 
1.1 MAMMAL DECLINE 
 
In the 200 years since European settlement, Australia has suffered a higher rate of mammal 
extinction than any other continent in the world, which is approximately one third of the 
world's recent mammal extinctions (Burbidge & McKenzie, 1989). Seventeen known 
species have become extinct, and another 27 species survive in less than 10% of their 
former range (Short, 1999). The arid zone of Australia has suffered in particular, with many 
regions having lost between one-third and one-half of species (Burbidge et al., 1988).  
Explanations for these population declines commonly include factors such as exotic 
predators, competition with introduced herbivores, habitat degradation caused by clearing 
and grazing, altered fire regimes, disease and changes in pathogen species (Johnson et al., 
1989; Freeland, 1993; Viggers et al., 1993; McCallum, 1994; Short & Smith, 1994; Prince, 
1998). 
 
1.2 REASONS FOR MAMMAL DECLINE 
 
1.2.1 Introduced Predators 
 
Australian mammal’s have evolved in an environment with relatively few mammalian 
predators. The introduction of exotic carnivores, particularly within the last 200 years, with 
a range of efficient and effective hunting skills has meant that the anti-predator defences of 
the native species are unable to adequately deal with the newly introduced predators. 
 
The dingo (Canis lupus dingo) was introduced into Australia between 4,000 and 5,000 
years ago (Short, 1999). Evidence of dingo inhabitation has been found across all of 
mainland Australia, therefore it is assumed that any changes it might have had on the status 
of Australian mammals occurred before European settlement. However, the red fox (Vulpes 
vulpes) and the feral cat (Felis catus) are much more recent arrivals. 
 
The fox was introduced into Victoria in the 1870’s, and maybe as early as 1845 for the 
purpose of game hunting (Short et al., 2002). It spread rapidly throughout the mainland, 
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reaching Western Australia in the early 1900’s (King & Smith, 1985) and central Australia 
by the 1930’s (Finlayson, 1961; King & Smith, 1985; Burbidge et al., 1988). Since then, it 
has been implicated as a factor in the continuing decline and local extinction of remnant 
populations of many mammal species (Burbidge et al., 1988; Short et al., 1992). Whether it 
is the primary cause of the original decline is contentious, as some claim that foxes did not 
become established in many locations until after the mammals had become extinct 
(Burbidge et al., 1988). 
 
The feral cat is now common over much of Australia, and is believed by many to have 
arrived prior to formal European settlement. It is known that they accompanied the British 
following settlement on the east coast in 1788, being used as a source of companionship 
and to control introduced herbivores on both ship and shore. They may also have become 
established from Dutch shipwrecks and landings on the west coast from the early 1600’s, or 
Asian seafarers in the late 18
th
 and early 19
th
 century in northern Australia, or a 
combination of these. Aboriginal statements that cats have “always been present” and that 
“they moved into central Australia from the west” were reported by Burbidge et al (1988), 
giving strength to the 17
th
 century shipwrecks theory. However, a study of historical 
sources by Abbott (2002) disputed these theories after finding no evidence that cats were 
present on mainland Australia prior to settlement by Europeans. 
 
Cats are now increasingly being implicated as a major reason behind the decline and 
extinction of many of Australia’s smaller faunal species (Gibson et al., 1994b; Short, 1999; 
Risbey et al., 2000). However this suggestion remains controversial, since most Australian 
mammals persisted until well into the 20
th
 century, suggesting that cats are not the primary 
reason for extinction (Burbidge & McKenzie, 1989).  
 
1.2.2 Exotic Competitors 
 
Australia is grazed and browsed by exotic species that can be defined under two categories: 
pastoral and feral. Pastoral mammals are primarily cattle (Bos taurus) and sheep (Ovis 
aries). Cattle and sheep have degraded ecosystems by compacting soil and causing erosion. 
This is due to the fact that, unlike native herbivores, the introduced animals have hard 
hooves and usually congregate in herds. 
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Feral mammals include animals such as goats (Capra hircus), Asian water buffalo (Bubalus 
bubalis), rabbits (Oryctolagus cuniculus), donkeys (Equus asinus), camels (Camelus 
dromedarius), pigs (Sus scrofa), mice (Mus musculus), rats (Rattus rattus) and horses 
(Equus caballus). Feral mammals also cause soil compaction and erosion due to the same 
characteristics as pastoral exotics. Many of these animals have the ability to survive in 
areas non-conducive to pastoral farming. Therefore, not only are these animals competing 
with native herbivores for the same resources, but they also alter the structure and floristics 
of vegetation that native mammals require as a source of food and protection against 
predators and environmental extremes. 
 
1.2.3 Land Use Change 
 
Traditional land management practices were lost when European settlers moved onto land 
previously occupied by the Aboriginal people. Fire had been used as a means for flushing 
and driving animals (thus making hunting easier), ensuring the regeneration of food plants, 
signalling, and many other purposes (Burbidge et al., 1988). Regular use of fire resulted in 
a mosaic of vegetation types, as the areas differed in time since the last fire. Regular 
burning also prevented the buildup of vegetation litter on the ground surface. When the 
Aboriginal people left their traditional land for European missions and settlements, an 
infrequent fire regime started, involving hot and extensive summer wildfires, usually 
started by lightning, burning the now plentiful vegetation litter (Burbidge et al., 1988). This 
change is thought to have negatively affected many species of mammal, depriving them of 
the required diversity of vegetation types, thus leading to their decline and potential 
extinction (Bolton & Latz, 1978; Kitchener et al., 1980; Burbidge et al., 1988)     
 
1.2.4 Vegetation Clearing 
 
Between 1985 and 1995, approximately 5 million hectares of land in Australia was cleared, 
and around 500,000 hectares are currently being cleared per year (Bowman, 2001). This 
gives Australia the distinction of having the highest rate of vegetation clearance of any 
developed country (Bowman, 2001). Clearing in Western Australia has been largely 
confined to the south-west of the state, with approximately 65% of land cleared in the 
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Wheatbelt area (Quinlan, 2001). The decline of mammals in this area has been high, with 
18 species extinct and 10 species remaining in remnant populations (Kitchener et al., 1980). 
However Burbidge and McKenzie (1989) believe that because the majority of these species 
had distributions extending well beyond the Wheatbelt and the idea that clearing alone is 
the reason for total extinction is unlikely. 
 
1.2.5 Disease 
 
Predation, competition and loss of habitat were not the only problem for Australian 
marsupials, since they were also immunologically naïve to any introduced pathogens. 
Disease has been implicated as another potential cause of the loss of many species. Some 
studies have shown that they may be responsible for significant wildlife population 
declines, or possibly extinctions throughout the world (Warner, 1968; May, 1986), 
however, no evidence has been found to show that naturally occurring disease caused the 
extinction of any species in an unaltered setting (Spalding et al., 1993). With the 
introduction of animals and changes in ecosystem structure and function brought about by 
European settlement, there remains a very real possibility that parasites, disease, or a 
combination of these factors led to population decreases in Australian animals. For 
example, Guiler (1985) has implicated an epidemic disease as the major factor in the 
Tasmania-wide decline of Thylacines. 
 
1.3 ISLAND POPULATIONS 
 
As mainland populations have become extinct or seriously depleted since European 
occupation, some species now remain only on islands. No less than 67 Western Australian 
continental islands contain populations of indigenous mammals (Burbidge & McKenzie, 
1989). Individuals from these island species now provide the opportunity to reconstruct 
populations in areas of their former range. 
 
1.4 METHODS OF RECOVERY 
 
Attempts to address this drastic decline in the range and status of many Australian and 
overseas mammals involve conservation programs that include captive breeding, 
translocation and reintroductions. However, few of these attempts have been successful 
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(Southgate, 1994; Phelps, 1999; Fischer & Lindenmayer, 2000). The majority of those that 
have been successful have relied on human intervention, primarily through protection from 
cat and fox predation (Morris, 1999).  
 
Unfortunately, reintroduction programs rarely produce information relevant to the ecology 
or management of threatened species, therefore, the reasons for a reintroduction’s success 
or failure remain unknown (Short et al., 1992; Southgate, 1994; Pople et al., 2001). To 
maximise the success of future translocations of endangered species, it is crucial that the 
factors affecting the outcomes of past programs are understood (Armstrong et al., 1994; 
Soderquist, 1994). In order to identify these key factors, the use of critical experiments is 
required (eg. Armstrong et al., 1994; Soderquist, 1994; Southgate, 1994).  
 
1.5 PROPOSED RESEARCH 
 
This project aims to determine the response to reintroduction of two threatened species of 
hare-wallaby: the rufous hare-wallaby (Lagorchestes hirsutus, undescribed central 
Australian subspecies NTM U2430), hereafter referred to by its central Australian 
Aboriginal name “mala”, and banded hare-wallaby (Lagostrophus fasciatus fasciatus), 
hereafter referred to by its Aboriginal name “merrnine”, on Peron Peninsula, Western 
Australia.  
 
This research also aims to improve the use of reintroductions as a tool to prevent the 
extinction of other threatened macropod populations, as well as providing species specific 
information relating to the behaviour and ecology of mala and merrnine. These species are 
poorly studied mainly because their endangered status has limited research opportunities. 
These studies will provide information required to maximise the success of future 
conservation programs.  
 
Specifically, this study aims to: 
• Experimentally determine an effective method of release of captive bred mala and 
merrnine by studying the effects of ‘hard’ and ‘soft’ release approaches. These 
methods are studied over a four week period and compare ecological factors such as 
site fidelity, body condition and survival of the reintroduced species (Chapter 3); 
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• Investigate and detail the characteristics of, and fidelity to, diurnal refuge sites and 
associated vegetation structure and floristics for mala and merrnine (Chapter 4); 
• Determine the spacial and temporal use of habitat by mala and merrnine and 
determine how this is influenced by sex, age and season. From these results, 
inferences can be made on habitat productivity and the effect of food provisioning 
on home range size and overlap (Chapter 5); 
• Monitor the body condition and breeding status of the reintroduced animals to 
determine their response to a change in environment. In addition, compare changes 
in the diversity of internal parasites over time as reflected by non-invasive scat 
analysis (Chapter 6); and 
• Identify the factors that may potentially limit future reintroduction attempts of 
 these species or similar sized macropods (Chapter 7).  
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2. STUDY SPECIES AND DISTRIBUTION 
  
2.1 MALA 
 
2.1.1 Introduction 
 
The mala is a nocturnal and crepuscular herbivorous macropod and is the smallest of the 
surviving hare-wallabies, standing approximately 300 mm high with an average adult 
weight of 1220 g (male) and 1500 g (female)(Sims & Himbeck, 2001). Their fur is 
generally a rich sandy buff colour, with hair length increasing toward the lower portion of 
the back (Lundie-Jenkins & Moore, 1996). Two other rufous hare wallaby subspecies are 
currently recognised; L. h. bernieri (Bernier Island and Dorre Island, W.A.) and L. h. 
hirsutus (extinct). 
 
2.1.2 Previous Distribution 
 
Mala formerly occurred over about one-third of the continent (Baynes, 1990; Gibson et al., 
1994a). It apparently disappeared from the south-western and western margins of its range 
by early last century (Shortridge 1909) and was thought to have become extinct in the 
1950’s (Morris, 1999). 
 
Figure 2.1 Distribution map of mala prior to European settlement, including previous and 
current sites. Shaded region shows previous distribution. 
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In 1959 a colony was discovered in central Australia at Sangster’s Bore (Colony 1). 
Another population was located 15 kilometres away in 1978 (Colony 2), with the total 
population of both colonies thought to be around 100 animals (Morris, 1999). In 1987 
Colony 2 was wiped out by foxes and possibly drought, and Colony 1 was destroyed in 
November 1991 as a consequence of wildfire (Gibson et al., 1994a). After unsuccessful 
reintroduction attempts mala were thought to be “extinct in the wild” by early 1994. 
 
2.1.3 Current Distribution  
 
Mala are listed as “Critically Endangered” by the IUCN Red List of Threatened Species 
(IUCN, 2004), “Endangered” by the Western Australian Wildlife Conservation Act (1950), 
and “Threatened (Endangered)” by the Environment Protection and Biodiversity 
Conservation Act (1999).  The total captive population is approximately 250 animals (Sims 
& Himbeck, 2001). 
 
2.1.4 Previous Conservation Attempts 
 
With the knowledge that the wild population of mala was rapidly decreasing, 22 animals 
were removed from the remaining colonies over a period of six years from 1980 to begin a 
captive breeding program at Alice Springs. Two reintroductions occurred with stock from 
this program between 1980-85, with both failing due to predation by cats and foxes, and 
drought (Langford, 2000). 
 
In 1986, a 100 hectare enclosure was built on the Lander River floodplain (approximately 
100 kilometres north-east of the wild colonies) to house the increasing captive mala 
population. Named the “mala paddock” the new enclosure protected the mala from 
terrestrial predators. Upon completion of the enclosure in early 1987, 47 mala were 
transferred from Alice Springs to establish the new “mala paddock” colony.  
 
In 1989, a reintroduction was attempted in close proximity to Colony 2. Between 
November 1989 and September 1991 a total of 23 Alice Springs bred mala were released 
(Gibson et al., 1994b). This population grew to an estimated 30 individuals by July 1991. 
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The population was eventually wiped out, with cats thought to be the major predator 
(Lundie-Jenkins & Moore, 1996). 
 
In 1990, the “mala paddock” population was of sufficient size to allow the researchers to 
attempt a reintroduction immediately outside the predator fence. A total of 66 mala were 
released in small groups between September 1990 and June 1992, after which 15 animals 
were released individually. Predation by cats was initially detected in December 1990 
(Gibson et al., 1994b), however small populations remained for between 20-38 months 
before extinction. Feral cat predation was believed to be the proximate cause of population 
decline (Lundie-Jenkins & Moore, 1996). 
 
A mala introduction was recently attempted in the Montebello Islands, Western Australia. 
Thirty mala were translocated from the “mala paddock” in June 1998 to Trimouille Island 
(Langford & Burbidge, 2001). Trimouille Island was chosen for its lack of exotic predators, 
and suitable vegetation floristics and structure. Initial monitoring has shown that the 
population is increasing, suggesting that the translocated mala on this island is a self 
sustaining population.  
 
2.1.5 Cause of Decline 
 
It is known that foxes, cats and wildfires can cause the demise of wild isolated populations 
of mala (Gibson et al., 1994a), therefore it can be assumed that these would also have been 
factors in the demise of the original population. Wedge tailed eagles (Aquila audax) and 
dingoes may also have been significant predators (Sims & Himbeck, 2001), however, due 
to their long term existence with mala, they are probably not a primary reason for 
population decreases.  
 
Competition may be an important factor, with rabbits shown to have a significant overlap in 
utilised plant species, particularly during drier times (Lundie-Jenkins, 1993c). The 
introduction of other grazers and browsers may also have decreased the food availability 
for mala, as well as decreasing the density of vegetation, thus making them more prone to 
detection by predators and environmental extremes. 
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Research conducted by Lundie-Jenkins (1993a) and Pearson (1989) suggest that the 
movement of Aboriginal people away from their traditional life style was also a significant 
factor in the demise of the wild mala populations. The subsequent decrease in traditional 
burning regimes has caused a change in the vegetation structure and floristics which may 
have negatively impacted upon mala ecology. 
 
In general, it seems the precise mechanisms behind the decline in population of mala 
cannot be attributed to one single factor, but rather a combination of factors. 
 
2.1.6 Conservation 
 
Previous research on mala has investigated their diet (Pearson, 1989; Lundie-Jenkins, 
1993b), interaction with introduced mammal species (Lundie-Jenkins, 1993c; Gibson et al., 
1994b), patterns of habitat use (Lundie-Jenkins, 1993a) and general habitat (Bolton & Latz, 
1978) in the Tanami Desert. Other research includes studies on the biology and behaviour 
of captive animals (Agar & Godwin, 1991; Lundie-Jenkins, 1993d; McLean et al., 1993; 
Bridie et al., 1994). 
 
With the last wild population of mala only recently becoming extinct and the previous 
reintroductions having failed due to exotic species predation (Langford & Burbidge, 2001), 
it is imperative that as much is learnt about this species as possible to improve conservation 
methods.  Reintroducing this species from central Australia to part of its former distribution 
in Shark Bay (Baynes, 1990) provides an ideal opportunity to research a reintroduced 
mainland mala population. 
 
2.2 BANDED HARE-WALLABY 
 
2.2.1 Introduction 
 
The genus Lagostrophus now contains only one surviving species, the banded hare-wallaby 
(Lagostrophus fasciatus fasciatus)- hereafter referred to as merrnine.  This is also the sole 
survivor of a once extensive radiation of large kangaroos called Sthenurines (Archer et al., 
1985). Merrnine stand approximately 400 mm high and have no sexual dimorphism, with 
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an average adult weight of 1620 g (Richards et al., 2001). Their fur consists of a grizzled 
grey coat with dark horizontal banding across the back and rump (Sims & Himbeck, 
2001a). Two extinct subspecies, L. f. albipilis and L. f. baudinettei, are also recognised 
(Helgen & Flannery, 2003; IUCN, 2004). 
 
2.2.2 Previous Distribution 
 
Lagostrophus skeletal remains have been discovered across the Nullarbor Plain (Lundelius, 
1957) and in cave sites in south-eastern Australia (Wakefield, 1964). Since European 
settlement it has only been found in southwestern Australia. The subspecies L. f. albipilis 
was formerly widespread in southwestern Australia, with the last specimens being collected 
from here in 1906 by Shortridge (1909). L. f. albipilis was known to occur previously on 
Peron Peninsula, Shark Bay (Baynes, 1990), but is believed to have disappeared from this 
area in the 1880’s (Shortridge, 1909). 
   
 
Figure 2.2 Distribution map of banded hare-wallabies prior to European Settlement. Shaded 
region shows previous distribution. 
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2.2.3 Current Distribution 
 
Merrnine are restricted to Bernier and Dorre Islands, Shark Bay, where the population 
numbers about 10,000 animals (Short et al., 1997). The species is classified as 
“Vulnerable” by the 2000 IUCN Red List of Threatened Species (IUCN, 2004), “Fauna that 
is rare or likely to become extinct” by the Western Australian Wildlife Conservation Act 
(1950), and “Threatened (Vulnerable)” by the Environment Protection and Biodiversity 
Conservation Act (1999).  
 
2.2.4 Previous Conservation Attempts 
 
In June 1974, 17 animals (four male, seven female plus six pouch young) were translocated 
from Dorre Island to the nearby Dirk Hartog Island and placed in enclosures. This 
population increased to 35 individuals and on May 1, 1977, six of these animals were 
transferred to a 4 ha experimental enclosure (Prince, 1979). In June 1978, the newly 
established enclosure was opened and the animals allowed to leave by their own volition. 
This population was supplemented by a further 13 animals in the following months (Short 
et al., 1992). Trapping in September 1980, after the 1979/80 drought, suggested that only 
10 animals remained. The population persisted for approximately three years but were 
eventually wiped out, probably due to cat predation, drought and exotic competitors (Short 
et al., 1992; Morris, 2000). Limited information is available on how the animals adapted to 
their new environment due to difficulties encountered gaining regular access to the island 
for post release monitoring (Short et al., 1992; Morris, 2000). 
 
2.2.5 Cause of Decline 
 
Short and Turner (1992) claim that the disappearance of Lagostrophus from mainland 
Australia was probably caused by land clearing and the introduction of exotic herbivores, 
since merrnine have been found to prefer dense thickets in which they can hide. The 
destruction of this habitat due to clearing for agriculture and the loss of vegetation density 
due to browsing by introduced herbivores would have adversely affected the ability of this 
species to survive.  
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This loss of dense habitat would also provide a greater opportunity for predation by wedge 
tailed eagles and feral cats. The introduced red fox has not been implicated in their demise 
since the extinction of the mainland population was thought to have occurred before foxes 
arrived (Jarman, 1986; Coman, 1995).  
 
2.2.6 Rationale to Species Recovery 
 
Merrnine are being released on Peron Peninsula as part of the Department of Conservation 
and Land Management’s (CALM) Western Shield Fauna Recovery Program, whose aim is 
to re-establish the native wildlife diversity in the region (Morris et al., 2004). Furthermore, 
the present situation of merrnine surviving on only two islands increases the risk of 
significant population decrease due to disease, drought, or the introduction of exotic 
predators. The establishment of a new population on the mainland will decrease this 
possibility of extinction. With the translocation to Dirk Hartog Island failing (Short et al., 
1992; Morris, 2000) and little information gained from this exercise, an experimental 
translocation to the mainland will attempt to create a new population in an area in which it 
previously thrived. Furthermore, translocating this species from Bernier Island to a predator 
controlled environment on Peron Peninsula provides a unique opportunity to research a 
reintroduced merrnine population. 
 
2.3 STUDY SITE 
 
Shark Bay was proclaimed a World Heritage site in 1991 in recognition of its outstanding 
natural values. The Shark Bay region has been identified by Woinarski and Braithwaite 
(1990) as having a higher density of rare and endangered mammals than any other area of 
Australia. Prior to European settlement there were 22 mammal species on Peron Peninsula 
(Baynes, 1990), however this has since been reduced to 12 species. However, the Shark 
Bay fauna has now been eclipsed by introduced species- predominantly the red fox, feral 
cat, house mouse and European rabbit.  
 
The Shark Bay region is dominated by three islands (Dirk Hartog, Bernier and Dorre) and 
two long, narrow peninsulas (Edel Land and Peron) that extend from the mainland. 
Biogeographically this is also a very significant area, with Shark Bay containing a diverse 
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array of vegetation types. There are 28 endemic plant taxa, with 145 species at their 
northern limit, 39 at their southern limit and another 31 at their western limit (Keighery, 
1990).  
 
The current research was conducted on Peron Peninsula, which is the northern most of the 
two peninsulas (Figs. 2.3 & 2.4). The peninsula is classed as having a hot semi-desert 
Mediterranean climate (Beard, 1976), with an average yearly rainfall of 244 mm (over the 
full recorded rainfall period >100 years; Fig. 2.5): approximately 70% of this falls between 
May and August. Average midday temperatures range between 20-31°C and average 
midnight temperatures between 15-25°C (Fig. 2.6), and dew often forms overnight. The 
vegetation is predominantly low heath and scrub made up of mixed Acacia species and 
patches of spinifex grass (Triodia), living on sand dunes and sandplain soils.  
 
 
 
Figure 2.3 Peron Peninsula, Shark Bay - site of the Project Eden reintroduction project.  
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Figure 2.4 Location of reintroduction area on Peron Peninsula. Former general distributions 
of mala (shaded) and merrnine (hatched) are shown in the inset map. Release sites (R) 
occurred within the boxed area.  
 
 
R 
Australia 
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Figure 2.5 Total rainfall (mm) per month for Denham, Shark Bay, for the period Jan 1999 to 
Oct 2002. 
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Figure 2.6 Average midday and midnight temperatures (°C) for Denham, Shark Bay, for the 
period Jan 1999 to Oct 2002. 
 
 
Prior to 1990, Peron Peninsula was a working Pastoral Station, leased for sheep and cattle 
grazing. Since then it has been under the control of CALM. In 1995 a three-kilometre 
barrier fence was constructed across the narrow isthmus of the peninsula. The sheep and 
cattle were removed as part of the conservation program called Project Eden. The Project 
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encompasses 1,050 square kilometres of Peron Peninsula and is the largest arid zone nature 
conservation program ever undertaken in Australia. The aim of Project Eden is to reverse 
the decline of a variety of native species by controlling introduced feral predators and 
competitors and reintroducing native fauna to the peninsula. Foxes have been virtually 
eliminated from Peron Peninsula through a successful baiting regime, and numbers of feral 
cats and goats have been substantially reduced (Morris et al., 2004). The barrier fence has 
been successful in preventing re-invasion by feral animals from surrounding properties.  
 
In 1997 a reintroduction program commenced which involved the translocation and release 
of threatened animals onto the Peron Peninsula. The woylie (Bettongia penicillata), 
malleefowl (Leipoa ocellata) and greater bilby (Macrotis lagotis) were the first species to 
be released. Initial reports showed evidence of all species conceiving young after release, 
and no animals were found to have suffered from predation to the remaining cats and foxes 
(Sims, 2003). To further advance the reintroduction program, the Project Eden 
Management Committee selected mala and merrnine for release onto Peron Peninsula. This 
reintroduction was recommended by Short and Turner (1992), who concluded that “….their 
long-term survival and our knowledge of the reasons for their decline would benefit from 
the establishment of mainland populations in areas of former habitat”. Furthermore, the 
managed environment at Project Eden provides a unique opportunity to assess the value of 
a reintroduction program. 
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3. OPTIMISING REINTRODUCTION SUCCESS BY DELAYED 
DISPERSAL: IS THE RELEASE PROTOCOL IMPORTANT FOR 
HARE-WALLABIES? 
 
3.1 INTRODUCTION 
 
The high extinction rate of native Australian mammals is well documented (eg. Burbidge & 
McKenzie, 1989; Johnson et al., 1989; Short & Smith, 1994). In the Australian context, 
many islands act as important refugia and retain fauna which are extinct on the adjacent 
mainland (Burbidge, 1999). Together with wildlife breeding centres, these environments 
are important source populations for the provision of individuals as founders for programs 
to reintroduce threatened animals to parts of their former range (Short and Turner, 2000). 
However, many reintroduction attempts have not taken cognizance of the release method, 
and do not, therefore, allow decision-makers the opportunity to base conservation practice 
upon actions that enhance successful reintroductions (Soderquist, 1994; Pullin et al., 2004). 
In many failed reintroduction attempts it is not known whether the released animals could 
have survived under different release conditions (Short et al., 1992). Consequently, the 
reasons for the success or failure of rehabilitation attempts often remain unclear (Armstrong 
et al., 1994; Fischer & Lindenmayer, 2000) in the absence of experimental approaches 
(Soderquist, 1994). 
 
World Conservation Union protocols for wildlife translocations guide reintroduction 
procedures (IUCN, 2004). Two experimental release protocols commonly used with fauna 
reintroductions include “soft” and “hard” releases (Campbell & Croft, 2001; Thompson et 
al., 2001; Clarke et al., 2002). A delayed or ‘soft’ release involves a period of confinement 
of individuals at the release site (often in a predator-proof shelter and often with some form 
of food and water supplementation) until they become acclimatized or imprinted to their 
new environment (Scott & Carpenter, 1987). In contrast, a ‘hard’ release involves the 
immediate release of the animal into the wild. 
 
Enhancing the ability of a founder group to settle and persist in a release site is especially 
important for threatened and group-living species to increase the chances of in situ 
breeding. Soft releases are intended to allow founder animals the time to acclimatize to the 
new environment and to find and settle into appropriate refuge sites without the added 
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stressors associated with finding food or water sources (Bright & Morris, 1994; Campbell 
& Croft, 2001; Banks et al., 2002). Experimental reintroductions for some species have 
shown that another benefit of the soft release method is that it can enhance site affinity and 
social group cohesion (eg. Stanley-Price, 1989; Bright & Morris, 1994), thus making it 
easier and more cost-effective for researchers to follow and evaluate individual movement. 
In contrast, animals that are hard released are expected to display higher dispersal 
behaviour when liberated into an unfamiliar environment.  This dispersal away from the 
chosen release environment can result in higher individual mortality (Bright & Morris, 
1994). 
 
As their classification implies, populations of threatened species have few individuals, thus 
placing greater emphasis on the survival of remaining animals in both wild and captive 
populations. With this in mind, recovery efforts for mala and merrnine were focused on 
reintroducing them to parts of their former range in mainland Western Australia, based 
upon sound conservation rationale from a recovery team for each species. A soft and hard 
release experimental protocol was used in order to compare the most effective method of 
release that maximizes individual survivorship, at least in the short term. The recovery 
teams considered these experimental reintroductions would reveal the optimal release 
strategy to establish future populations of hare-wallabies to mainland Australia.  
 
A peninsula environment in Western Australia that had undergone control programs for 
introduced (non-native) fauna species provided a unique opportunity to re-establish 
mainland populations of hare-wallabies due to the elimination and management of some 
factors that were thought to be influential in their original decline and subsequent extinction 
from mainland Australia. The objectives of this study were to test the hypothesis that 
restriction of early dispersal improves the short-term survival rate, site fidelity and body 
condition of mala and merrnine, and thus identify a release method which confers greater 
advantage to future hare-wallaby release programs.  
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3.2 METHODS 
 
3.2.1 Source and founder animals 
 
The reintroduced hare-wallabies consisted of 34 adult animals (see Table 3.1 for the 
number and sex ratio of released animals) bred or held within Peron Captive Breeding 
Centre (PCBC) predator-proof enclosures. Each enclosure was approximately 0.05 ha in 
size and located on Peron Peninsula. Mala were originally sourced from the central 
Australian captive population, and have been bred at PCPB since November 1999. All 
merrnine were originally sourced from Bernier Island in 1998.  
 
Table 3.1. Sex and age data of animals released onto Peron Peninsula, 2001.  
Species Release 
method 
Site Male Female Total Days in 
enclosure 
Release into 
wild 
Mala Soft MS 3 3 6 19 03/09/01 
Mala Hard MH 4 4 8 - 04/09/01 
Mala Hard MH2 2 0 2 - 04/09/01 
Merrnine Soft BS 6 3 9 14 07/08/01 
Merrnine Hard BH 6 3 9 - 06/08/01 
Total   21 13 34   
 
 
Merrnine were captured at PCBC using cage traps (230 x 230 x 600 mm) baited with a 
mixture of fresh fruit and mixed seeds. Upon capture, hare-wallabies were weighed using 
hand held scales (±1 g) (Salter Weigh-Tronix Ltd, UK), head length and pes length were 
measured, and females were inspected for pouch young. Pouch young were removed from 
the dams pouch prior to weighing if their weight was great enough to likely affect the 
weight of the dam. Mortality-sensing radio-transmitters (which release an accelerated 
signal after a period of inactivity) were mounted on collars and fitted around the neck of 
each animal. Three types of radio collars were used based upon their availability at the time 
of the project. Two collars were manufactured by Biotrack (Dorset, UK): a TW-3 medium 
mammal model with a 12 month battery life, one model with a whip antenna, the other a 
  Page 21 
loop antenna. A third model of collar was manufactured by Titley Electronics (Ballina, 
New South Wales, Australia). These had a battery life of six months and a loop antenna 
configuration.  Radio-collars weighed an average of less than 3 % of an animals’ body 
weight (Appendix 1). 
 
During collar fitting mala were anaesthetised with Isoflurane by a veterinarian, and given 
an intra-muscular injection of 0.12 ml Selvite to decrease incidences of capture myopathy 
common in this macropod during periods of stress. In contrast, merrnine were not 
anaesthetised but were physically restrained because they are known to be less susceptible 
to suffering from capture-related myopathy, and a hood was placed over their head to cover 
their eyes during this procedure. Hare-wallaby individuals were randomly selected (within 
the constraint of equal sex ratios in each treatment) for either soft or hard release and 
liberated at dusk.  
 
Animal locations were obtained using directional folding three-element hand-held yagi 
antennae (Sirtrack, Havelock North, New Zealand) and portable RX3 receivers (Bio-
Telemetry, Norwood, Australia). Collar signals were checked daily in order to determine 
survival of released animals. Collars producing a mortality signal were retrieved 
immediately to determine the cause of death and location of an animal. 
 
3.2.2 Release protocol 
 
Given the rarity of both species, the Project Eden Management Committee decided that the 
initial release should seek to identify an appropriate release protocol at the expense of 
releasing low founder numbers. The release included 18 captive-born merrnine (6F:12M) 
with one female carrying a pouch young, and 16 mala (7F:9M) with two females each 
carrying one pouch young (Table 3.1). Most of the released mala (14) were bred at PCBC, 
with two animals being original members from the central Australian transfer.  
 
Approximately half of the animals of each species were soft released into an enclosure of 3 
ha (MS and BS sites) which was surrounded by a predator-exclusion electrified fence 
(1.1 m height, 12 volts). Supplementary food, comprising kangaroo pellets (Glen Forrest 
Stockfeeders, Western Australia), lucerne and water was provided ad libitum. All 
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individuals were weighed and measured for pes and head length for later body condition 
index (BCI) analyses. Merrnine and mala each occupied different enclosures, separated by 
a minimum distance of 1.5 km to minimise the possibility of the release groups interfering 
directly with each other in the short-term. Mala and merrnine remained inside the 
enclosures for a similar period of time (19 and 14 days respectively), at which time the 
enclosures were opened and the animals were allowed to leave of their own volition. 
 
The remaining individuals were also weighed, and body measures taken as above, prior to 
release directly from PCBC into the wild (hard released) at the same time as soft release 
enclosures were opened for each species. Each hard released group was released a 
minimum of 1.5 km from soft released individuals to minimise possible interactions 
between experimental treatments. Two surplus male mala were hard released at a third site 
close to the other mala which were hard released (MH2, Fig. 3.1). Supplementary food and 
water supplied at all hard release sites were equivalent to those provided for the soft release 
animals. 
 
 
Fig. 3.1.  Aerial view of the five release sites and soft release enclosures. Site key: M= mala, 
B= merrnine, S= soft release, H= hard release, 2= second hard release site. 
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After four weeks, dispersal of hare-wallabies of both species from the release site, as 
determined by radiotracking data, decreased (Chapter 5). Other experimental reintroduction 
studies have also shown limited dispersal within 4-5 weeks following release (eg. Moseby 
& O'Donnell, 2003). It was therefore hypothesised that there is a post-release period 
beyond which the effect of the release method (soft or hard release) would play little or no 
part in the dispersal, survivorship or body condition of a reintroduced animal. After this 
period, an animal should have settled into, and become familiar with its new environment 
and the method of release should have no remaining effect on its behaviour. An assumption 
was made, based on radiotracking data, that the first four weeks post-release would be an 
appropriate time period within which the initial release method could have an influence on 
hare-wallaby behaviour and health.  
 
Site fidelity is defined as an area regularly occupied by an individual over a period of time; 
it should not be confused with dispersal (one-way movement) of an individual away from a 
site (White & Garrott, 1990). The area used to define an individuals’ site of occupancy will 
depend upon the species, habitat, and time of year. For this study it was recognised that an 
individual remained faithful (retained site fidelity) to an area when its diurnal locations 
(refugia) did not extend beyond a 1 km diameter of the point of release for a period greater 
than one week.  
 
3.2.3  Post-release monitoring of hare-wallabies 
 
All animals were located once per day using radio telemetry, with animal location being 
identified using standard triangulation protocols (White & Garrott, 1990). Diurnal refuges 
were reported using a hand-held Global Positioning System (GPS, Ensign GPS, Trimble 
Navigation, CA, USA). All locations were mapped using a Geographic Information System 
(GIS, ArcView GIS 3.2a, ESRI, NY, USA). Individuals whose radio collars emitted a 
mortality signal were located, investigated to confirm mortality and the cause of death 
recorded. The location of all retrieved carcasses were recorded and mapped. Although 
radiotracking data exist for surviving animals up to 1.5 years post-release (Chapters 4 & 5), 
this chapter examines results for the four-week post-release period for reasons given above. 
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Traps (n=30) were set for hare-wallabies near the release sites approximately four weeks 
after release to assess animal health and collar fit. Additional traps were reset 56-63 days 
post-release because no mala were captured in the first trapping session. Merrnine were 
trapped using wire cage traps (230 x 230 x 600 mm) baited with peanut butter and rolled 
oats. Mala were trapped using special Bromilow traps (Kinnear et al., 1988a) baited with 
fresh fruit, and set within a 1 km diameter of known locations. Trapping occurred over a 
period of four nights per released group. Traps were set at dusk, and checked at dawn each 
morning. To maximise the chance of capture, traps were set in a linear arrangement along 
roads at 100 m intervals. Upon capture, animals were reweighed, and head and pes lengths 
were remeasured.  
 
3.2.4 Data analysis 
 
Statistical analyses were undertaken using the MINITAB v14 software. Analyses were 
conducted with the caveat that released sample sizes of hare-wallabies were small because 
they are threatened species, and so results should be interpreted with this in mind. Trap 
success is reported as the total number of captures per total number of set trap (in this case, 
30). The relationship between an animals’ body mass and its limb dimensions provides an 
objective method of determining body condition (Edwards et al., 1996). For each species, 
prior to release, regression analyses were conducted on body weight (in g) and either long 
pes length (in mm) or head length (in mm) to develop a relationship useful for estimating 
BCI  (Krebs & Singleton, 1993). This Index was then used as a basis for measuring 
changes (actual weight/predicted weight) in BCI from each treatment group. Regressions 
that best explained a relationship for BCI for mala and merrnine were: Predicted weight = 
28.92 (head length) - 1078.20 (r
2
 = 0.80, p < 0.001) and Predicted weight = 26.19 (long pes 
length) - 924.89 (r
2
 = 0.15, p< 0.01), respectively. Since only 15% of the data could explain 
BCI for merrnine the regression is treated cautiously.  
 
To investigate the premise that restricting dispersal prior to release using fenced enclosures 
improves the chance of individuals remaining in the area of release, we considered which 
variables may be important predictors of site fidelity. Site fidelity was the response 
(dependent) variable and the following were independent variables: release protocol (soft or 
  Page 25 
hard), sex, age at release (in months), number of conspecifics released at the same site (this 
variable was used three times, once as the raw data, once as a quadratic term to examine if 
there is a threshold value beyond which dispersal is encouraged, and once as an inverse 
value to examine if there is a threshold below which dispersal may also be encouraged), 
number of conspecifics of the same sex at the release site, number of conspecifics of the 
opposite sex at the release site, and BCI. Initially, variables were examined using chi-
square contingency tests (for binary variables) or Kruskal-Wallis tests (for other variables) 
to find evidence of significant associations with site fidelity. Binary logistic regression 
using backwards elimination was then applied to investigate possible multiple causes of site 
fidelity. 
 
3.2.5 Release Site Habitat Assessment 
 
Broadly speaking, the five release sites contained habitats that are similar to those where 
these species are currently or historically found (Short & Turner, 1992; Lundie-Jenkins, 
1993a). The vegetation structure and floristics were assessed at each release site in order to 
determine whether any differences existed. All unknown species were taken to the Western 
Australian Herbarium for identification. One 10 m x 10 m quadrat was placed at the exact 
release site, and one quadrat 50 m away in each cardinal direction.  
 
Within each of these quadrats, vegetation height and density measurements were also 
conducted. A pole of 0.01 m diameter was placed at the centre and the four cardinal 
extremities of each quadrat. The number of times the vegetation touched the pole was 
counted in 0.3 m segments, and then a mean value was calculated in each segment for each 
of the five quadrats (see Moro, 1991). These values provided the average structural density 
of the vegetation in each quadrat. 
 
Analysis of vegetation floristics and structure between release sites was conducted using 
PRIMER 5, v2.1 (Plymouth, UK). All variables were appropriately transformed and 
standardised to provide the lowest stress value possible (highest amount of data use) 
(Clarke & Warwick, 2001). Non-metric multi-dimensional scaling (MDS) was used to 
derive two-dimensional ordinations of sites (from a Bray-Curtis dissimilarity matrix). The 
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MDS map provides a diagrammatical representation of the differences between 
reintroduction sites. 
 
Following this, analysis of similarity (ANOSIM) tests were conducted to determine which, 
if any, sites differed significantly in floristics or structure. A similarity percentage 
(SIMPER) test used compares two sites at a time, identifying the areas in which the sites 
were found to differ (Clarke & Warwick, 2001). 
 
3.3 RESULTS 
 
Radio tracking showed that of those hare-wallabies which dispersed beyond 1 km of the 
initial release, most (64 %) did so after one week (Table 3.2). When sex is considered, a 
greater percentage of males dispersed beyond 1 km from the release sites for both mala 
(male=83%, n =5) and merrnine (male=100%, n=5). Both the males released at MH2 
emigrated from the site within the four weeks, and did not return. 
 
Table 3.2. Number of mala and merrnine that left the immediate release site (>1 km) in the 
four weeks following reintroduction onto Peron Peninsula, 2001. M = male, F = female. 
Species Release 
method 
Week 1 Week 2 Week 3 Week 4 Total 
(%) 
Mala Soft 1 M 0 1 F 0 2 (33) 
Mala Hard 3 M 0 0 1 M 4 (40) 
Merrnine Soft 1 M 1 M 0 0 2 (22) 
Merrnine Hard 2 M 1 M 0 0 3 (33) 
 Total 7 M 2 M 1 F 1 M 11 (32) 
 
One mala lost her joey as it was present prior to release but not located inside the pouch at 
the first trapping session. In contrast, one mala and one merrnine, each reintroduced with 
pouch young, retained their joeys to the first trapping session.  
 
One hard released mala was found dead during the first four week period post-release. 
Predation by a feral cat was identified as the cause and the mortality occurred on the first 
night of release. This individual had not dispersed from the release site and the kill occurred 
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within 50 m of the supplemented food. No merrnine from either release method died during 
the four week period following their release. 
 
Trap success for mala was lower (13%) than merrnine (23%). Collars fitted all animals 
securely following recapture indicating that individuals were feeding well and had 
maintained body weight (reflected in their BCI below). Enclosing merrnine within a fence 
prior to release onto Peron Peninsula had no influence on their BCI (t5=1.26, p= 0.27, Fig. 
3.2). However, mala lost a significant amount of body condition (mean 12.2%) during the 
period of confinement within the soft-release enclosure (t3=11.66, p< 0.01). Trapping at 
four weeks was only successful at capturing merrnine which were hard released; 
individuals had lost on average 1.4 % in BCI compared to pre-release body condition index 
but again, this difference was not significant (t5=0.72, p= 0.50). Soft and hard released mala 
showed no significant change in BCI 56 days post-release (soft release t3=0.41, p= 0.71; 
hard release t3=2.17, p= 0.12). Soft released merrnine showed no significant difference in 
BCI 63 days post-release compared to pre-release indices (t5=-1.29, p= 0.27).  
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Fig. 3.2. Mean (±SE) Body Condition Indices of hare-wallabies reintroduced onto Peron 
Peninsula, 2001. Open bars: Pre-enclosure index; stippled bars: pre-release into wild index; 
closed bars: post-release index. M = mala, Me = merrnine, S = soft release, H = hard release.  
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There was a tendency for males of both species to exhibit less site fidelity than females, 
although low samples sizes for mala show a non-significant result (Table 3.3). Importantly, 
release method showed no evidence for influencing early dispersal of individuals of either 
species. Binary logistic regression failed to identify multiple causes of site fidelity, 
reducing to BCI only for mala (G=4.68, p=0.031, Fig. 3.3), indicating that individuals with 
higher median BCI displayed less site fidelity than those which stayed within the release 
area. Additionally, site fidelity was significantly associated with sex for merrnine (G=7.76, 
p= 0.005, Fig. 3.4), with males exhibiting less site fidelity than females. 
 
Table 3.3. Comparison of site fidelity with release method and sex (Chi-squared contingency 
tests) and body condition index (BCI) (Kruskal Wallis test).  
Mala χ
2
 p Merrnine χ
2
 p 
Release method 0.07 0.79  0.23 0.63 
Sex 2.86 0.09  5.73 0.01 
      
 H P  H P 
BCI 3.40 0.06  1.28 0.26  
 
Site fidelity
C
o
n
d
it
io
n
 i
n
d
e
x
YesNo
1.3
1.2
1.1
1.0
0.9
 
Fig. 3.3. Box plot showing Body Condition Index for individual mala as a function of whether 
they exhibited site fidelity at either release sites on Peron Peninsula. Median values are 
shown above bars. 
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Fig. 3.4. Site fidelity in relation to sex (males, open bars; females, closed bars) of merrnine 
released at either release sites on Peron Peninsula. Sample sizes are shown above bars. 
 
A MDS ordination plot of the vegetation floristics and vegetation density at each release 
site was conducted (Fig.3.5 and 3.6) in order to gain a visual assessment of site similarities.  
 
 
Fig. 3.5. MDS ordination plot of vegetation floristics between sites. No data transformation 
provided the lowest stress values of 0.13.  
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Vegetation analysis of the MS2 site (where mala later established – see Chapter 4) showed 
that it was not significantly different to the MS site in vegetation structure (global R=-
0.056, p=0.611) but was 77% different in floristics (global R=0.956, p=0.008). Again, 
SIMPER analysis showed that the greatest difference (15%) was the presence of T. 
plurinervata at the MS site (avg. 9.00 plants/quadrat), and the lack of the species at the 
preferred MS2 site (0.0). The MS2 site was not different to the MH site in either structure 
(global R=0.016, p=0.397) or floristics (global R=0.21, p=0.119).  
 
Table 3.4. ANOSIM and SIMPER analysis results for structure (density) differences between 
sites (global R= 0.194, p=0.002). Fourth root data transformation occurred. 
Site 1 versus Site 2 R statistic Significance 
level 
Average 
dissimilarity 
(%) 
BH BS 0.33 0.06 46.44 
BH MS 0.01 0.46 36.35 
BH MS2 -0.10 0.71 28.36 
BH MH 0.01 0.42 30.76 
BH MH2 0.35 0.02* 39.02 
BS MS 0.47 0.02* 61.36 
BS MS2 0.41 0.04* 50.16 
BS MH 0.57 0.01* 57.80 
BS MH2 0.72 0.01* 65.18 
MS MS2 -0.06 0.61 38.12 
MS MH -0.08 0.69 31.07 
MS MH2 0.08 0.24 34.74 
MS2 MH 0.02 0.40 32.56 
MS2 MH2 0.23 0.08 37.42 
MH MH2 -0.01 0.37 27.60 
*= significantly different to 0.05 level. 
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Table 3.5. ANOSIM and SIMPER analysis results for floristic differences between sites 
(global R= 0.591, p=0.001). No data transformation occurred. 
Site 1 versus Site 2 R statistic Significance 
level % 
Average 
dissimilarity 
(%) 
BH BS 0.49 0.01* 47.01 
BH MS 0.94 0.01* 76.47 
BH MS2 -0.03 0.56 48.93 
BH MH 0.39 0.02* 64.28 
BH MH2 0.66 0.01* 61.97 
BS MS 1.00 0.01* 83.15 
BS MS2 0.43 0.01* 52.65 
BS MH 0.68 0.01* 71.07 
BS MH2 1.00 0.01* 75.40 
MS MS2 0.96 0.01* 76.79 
MS MH 0.72 0.01* 72.30 
MS MH2 0.72 0.01* 60.14 
MS2 MH 0.21 0.12 62.01 
MS2 MH2 0.42 0.02* 59.57 
MH MH2 0.17 0.13 54.48 
*= significantly different to 0.05 level. 
 
3.4 DISCUSSION 
 
Release protocols to encourage  individuals to remain near each other rather than dispersing 
immediately following release, are important for reintroductions to large areas for three 
reasons: a) dispersal from the release point reduces the chances of establishing a unified 
breeding population because dispersing individuals are unlikely to play any further part in 
the future gene pool of the founder population, b) animals that remain at the release site can 
make use of the supplementary food sources provided, thereby reducing the stresses 
associated with the initial release (Bright & Morris, 1994), and c) resources such as 
vehicles, aeroplane and staffing expenses can be kept within budget. Keeping in mind the 
small number of individuals released in this conservation exercise, the results from this 
research suggest that a soft release protocol is unlikely to be associated with the successful 
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immediate establishment of reintroduced merrnine and mala. Soft release did not 
significantly affect dispersal or body condition of either mala or merrnine, and therefore the 
greater expense required to design and install an enclosure prior to a reintroduction 
program for these two species is unwarranted. Furthermore, short term (four-week) site 
fidelity of all hare-wallabies released onto Peron Peninsula was high (68%).  
 
The importance of conducting a soft release protocol during a reintroduction program, and 
where two groups of fewer individuals are released (one hard, one soft) at the expense of 
releasing a single group of founders with more individuals, may be unwarranted. There are 
now a growing number of examples of reintroductions in the literature that collectively 
demonstrate limited or no benefit of artificially restricting dispersal over release protocols 
where animals are allowed to disperse on their own accord. Earlier reintroductions of 
macropods that sought to soften the reintroduction process by enclosing them within a 
fence to minimise dispersal prior to release demonstrated there was no benefit to the site 
fidelity of a species (Short et al., 1992; Christensen & Burrows, 1994; Campbell & Croft, 
2001). Some species may even be disadvantaged by the use of a soft release protocol. For 
example, Christensen and Burrows (1994) terminated a soft release reintroduction of wild 
sourced burrowing bettongs (Bettongia lesueur) in central Western Australia because 
animals were found to run into the compound fence, causing injuries. Soft release of other 
taxa has also shown limited advantages. Survival and mobility of Lakeland Downs short-
tailed mice (Leggadina lakedownensis) released onto Serrurier Island (Western Australia) 
did not differ between individuals held within enclosures and those hard released (Moro, 
2001). The effectiveness of soft release protocols for birds has also been shown to be 
ineffective at delaying dispersal and, in some instances there was some indication that 
delayed release may even have lowered the survival of individuals (Castro et al., 1994; 
Lovegrove, 1996; Clarke et al., 2002). 
 
Facilitating behavioural adjustment of an individual following its release by provisioning it 
with food and water is often a simple way to allow animals to acclimatize to their new 
environment. Previous studies involving translocated animals have reported a heavy 
reliance on supplementary food sources when these are provided (eg. Bright & Morris, 
1994). The food and water sources at all sites in this study were regularly used by the hare-
wallabies although it is not known what role these had in acclimatising animals.  
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Mala were found to have lost body condition after release into the soft release enclosures, 
despite being provided with food and water, as well as natural food sources within the 
enclosure. Previous woylie (Bettongia penicillata) translocations to Francois Peron 
National Park showed initial body mass loss of between 9% and 16%, and this is thought to 
be a normal response to the stress of movement (Speldewinde & Morris, 1999; Dowling, 
2000). Therefore the body condition loss reported in the newly reintroduced species seems 
to be a common pattern for animals that are transferred into a new environment.  
 
However, I believe that faithfulness to a site was unlikely to be associated to the benefits of 
supplemental food at release sites because body condition was maintained by those animals 
which remained faithful to a site once food was later removed, and by three animals (one 
mala and two merrnine) that dispersed but were later retrapped (Chapter 6). Mala released 
onto Trimouille Island (Western Australia) using a hard release protocol and provisioned 
with food and water, were also found to remain faithful to a site, with 80% (n=30) of the 
mala remaining within 200 m of the release site after a period of 50 days (Langford & 
Burbidge, 2001). Similar site fidelity following hard releases (with and without 
supplementary food and water) have been reported for macropods elsewhere (Christensen 
& Burrows, 1994; Lundie-Jenkins, 1998; Campbell & Croft, 2001; Langford & Burbidge, 
2001; Pople et al., 2001; Priddel & Wheeler, 2004; Speldewinde & Morris, Unpubl. data). 
Furthermore, it is unknown whether all animals, or only a few dominant individuals, made 
use of the facility. Future experimental reintroductions should test the necessity of food 
provision for survival of released animals. 
 
The results from hare-wallaby reintroductions highlight the need to carefully assess the 
agenda for conducting an experimental reintroduction, and falls in line with arguments to 
base sound conservation decisions upon direct evidence (Armstrong et al., 1994; Pullin et 
al., 2004). For projects where no experimental release protocol had been used, or where 
individuals had only been soft-released (e.g. Wanless et al., 2002), the underlying factors 
that may help to explain the outcome of a reintroduction protocol remain ambiguous 
without appropriate experimental designs (Soderquist, 1994).  
 
  Page 35 
Predation was not a significant factor affecting the survivorship of hare-wallabies during 
the initial four-week period. Cat predation was assumed to be the cause of death of the mala 
due to the presence of prints leading up to the kill area and prints surrounding the drag 
mark of the carcass. The mala skin and hair remained at the feed site, as well as the larger 
leg bones and skull; signs typical of a cat kill (Short & Turner, 2000).  
 
Site fidelity in some macropods is higher in males when they are released in the vicinity of 
females (Gibson et al., 1994a; Short & Turner, 2000; Campbell & Croft, 2001; Langford & 
Burbidge, 2001; Pople et al., 2001; Moseby & O'Donnell, 2003). Previous reintroductions 
on burrowing bettongs (Short & Turner, 2000) and bilbies (Moseby & O'Donnell, 2003) 
have shown that males have a higher degree of emigration than females. However, male 
burrowing bettongs remained within the release site following a release of females into the 
same site (Copley, 2000). The results for merrnine, admittedly more observational than 
statistical, suggest male-mediated dispersal, and so a precautionary approach may be 
warranted that considers the release of female individuals at the same, or earlier, time for 
future reintroductions of species such as these. Statistical significance was not quite 
achieved to demonstrate male-biased dispersal for mala although the male-mediated 
dispersal theory is strengthened by the emigration of the two male mala released at MH2. 
Vegetation analysis showed that there was no difference in either floristics or vegetation 
structure between MH and MH2, therefore the only disparity between these sites was the 
lack of female presence. There may be advantages to investigate dispersal patterns of 
merrnine and, possibly mala, further in future reintroduction projects where males are 
released in the presence and absence of females.  
 
I conclude that a soft release protocol does not confer an advantage to the survival or site 
fidelity of individual mala and merrnine over individuals that have been hard released. I 
suggest that the financial resources available to construct soft release enclosures will add to 
the already high costs of undertaking a reintroduction program. I recognise these results 
reflect reintroductions specific to mala and merrnine, but reintroduction projects for other 
taxa where soft-release protocols were commonly used show similar results.  
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4. THE IMPORTANCE OF DIURNAL REFUGIA TO A HARE-
WALLABY REINTRODUCTION 
 
4.1 INTRODUCTION 
 
The ability of an animal to establish and survive within an area will depend upon many 
factors, one of which is the availability of suitable habitat. This factor is particularly 
important in arid zone areas. For example, the Shark Bay region provides extreme 
environmental and physiological stresses in the form of high temperatures and a lack of free 
water. For macropods living in these areas, the availability of appropriate habitat to provide 
suitable diurnal refuge sites is an important factor which allows for species survival within 
these environmental extremes (Christensen & Leftwich, 1980; Rubsamen et al., 1983). 
Suitable diurnal refuge assists water conservation by reducing evapo-transpiration during 
periods of excessive heat, and helps to conserve body temperature during periods of 
excessive cold (Christensen & Leftwich, 1980). Subsequent studies suggest that a function 
of well camouflaged refugia is predator avoidance, with shelter from environmental 
extremes being of secondary importance (Wallis et al., 1989; Taylor, 1993). For wildlife 
translocation projects, the suitability of the habitat to meet both food resource and shelter 
requirements is paramount to the survival of released individuals.  
 
Notwithstanding, habitats across Australia have been subject to recent (<200 years) 
alteration through changes in grazing pressure and fire regime. The increase in grazing 
pressure caused by the introduction of exotic herbivores in Australia, such as sheep, goats 
and rabbits, has been a significant factor leading to vegetation change, and in particular 
vegetation thinning (Short & Turner, 1992). In addition, the loss of traditional fire regimes 
has further altered vegetation density and diversity across Australia’s arid zones. As a 
consequence, the resultant vegetation may not provide an effective refuge that small 
macropods require to evade climatic extremes or predators. Thus, changes to refuge 
characteristics may have been a contributing factor, albeit indirectly, to the loss of mainland 
populations of macropods. 
 
Previous studies of mala in central Australia show that they use well camouflaged refuge 
sites taking the form of ‘scrapes’ (Lundie-Jenkins, 1993a; Short et al., 1997). In contrast, 
merrnine on Bernier Island prefer dense vegetation, through which they move from one 
  Page 37 
thicket to another in response to disturbance (Short & Turner, 1992; Short et al., 1997). 
This research aims to investigate and detail the characteristics of, and fidelity to, diurnal 
refugia used by mala and merrnine following an experimental reintroduction to Peron 
Peninsula. The results will assist in the development of a translocation framework within 
which habitat selection for diurnal refugia by hare-wallabies following reintroduction can 
be determined, and which can assist in site selection for future reintroduction efforts (Carter 
& Goldizen, 2003).  
 
4.2 METHODS 
 
4.2.1 Refuge location and characteristics 
 
Following release, diurnal refuge studies were conducted once animals had settled into an 
area (determined from home range data: see Chapter 5) from December 2001 to May 2002. 
Animal locations were obtained using directional three element hand-held yagi antennae 
(Sirtrack, Havelock North, New Zealand) and portable RX3 receivers (Bio-Telemetry, 
Norwood, Australia). Individual animals were tracked daily by foot to their refuge site and 
this location was recorded using a hand-held Global Positioning System (Ensign GPS, 
Trimble Navigation, CA., USA.). Effort was made to locate, but initially not to disturb, the 
animals; so in many instances descriptions and measurements of refuge sites were made at 
a later date when the individual had left the shelter. 
 
Scrape depth, length and width were measured using hand-held rulers, and scrape contents 
were identified. The vegetation used as refugia was such that structural density at ground 
level near the base of a plant was often sparse, with dense vegetation restricted to the 
outermost region. Initial attempts at quantifying vegetation structural density were 
conducted using a vegetative contact method similar to Moro (1991), but this method 
provided an inaccurate representation of the structure which an animal sheltering within 
may experience. Therefore, vegetation structural density was determined subjectively using 
a visual assessment of the percentage cover of the vegetation in 0.5 m vertical segments 
from ground to canopy level. All assessments were conducted by the same observer to 
minimise variation in assessments. A brightly coloured steel rod of 10 mm diameter, 
positioned near the centre of the main trunk, was used to record results. For example, if the 
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observer could not see any part of the 0 – 0.5 m section of the pole after traversing around 
the entire refuge vegetation, the vegetation structural density at this level was recorded as 
100%. 
 
Air temperature was recorded for mala refuges in April 2002, at 30 min intervals during the 
mid-day heat (11h30-14h30). Electronic sensors (Tandy Electronics) were used to record 
air temperature between scrape and nearby vegetation. Sensors were placed in the centre of 
a scrape, under refuge vegetation covering the scrape, under nearby vegetation of the same 
species, and in an unshaded position to determine climatic differences between the refuge 
and potential alternative sites. All readings were taken 50 mm above the substrate, and the 
sensors were left to equilibrate with the atmosphere before data were recorded.  
 
Independent samples t-tests were used to determine relationships between covering 
vegetation height and refuge site, and scrape depth with season, sex, and vegetation species. 
Pearson correlation coefficients were used to determine relationships between frequency of 
data collection and number of refuges occupied by an individual, and between depth of 
scrape and vegetation density. Only significant relationships are presented, and these values 
are reported as means and standard error. 
 
4.3 RESULTS 
 
4.3.1 Mala 
 
Whilst in their pre-release enclosure (MS site), mala sheltered primarily (71% of occasions) 
under Triodia plurinervata (Plate 4.1a), although this vegetation predominated within this 
enclosure and provided approximately 90% of projected foliage cover, with the remaining 
10% of vegetation cover afforded by Acacia ligulata, Beyeria cineria and Thryptomene 
baeckeacea. After the enclosure was opened, all mala relocated their diurnal refuge to a site 
approximately 500 m north. This site (hereafter referred to as MS2) contained three 
vegetation communities: Lamarchea hakeifolia, mixed Acacia comprising A. 
tetragonaphylla, A. ligulata and A. ramulosa, and shrubs comprising Thryptomene 
baeckeacea and Beyeria cinerea (hereafter referred to as mixed shrubs) (Plate 4.1 b-d).  
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Fig. 3.6. MDS ordination plot of vegetation structure (density) between sites. Fourth root data 
transformation provided the lowest stress value of 0.1. 
 
There was no significant difference between the vegetation structures of sites BH and BS 
(global R=0.334, p=0.056) (Table 3.4), however the floristics of the sites differed (global 
R=0.486, p=0.008) (Table 3.5). SIMPER analysis showed that there was a 47% difference 
in floristics between sites, with the primary difference being Thyrptomene baekeacea, 
which accounted for 14% of the dissimilarity. T. baekeacea is a low growing (<1m) dense 
shrub which was relatively abundant at the BH site (mean 4.6 plants/quadrat), but not 
present at the BS site. 
 
The MH2 site was not statistically different to MH in either floristics (global R=0.168, 
p=0.127) or vegetation structure (global R=-0.004, p=0.373). The MS site was not 
significantly different from the MH site in structure (global R=-0.08, p=0.69), but was 
different in vegetation floristics (global R=0.72, p=0.008). The SIMPER analysis showed 
that there was a 72% difference between sites, and the primary reason was the high average 
abundance of Triodia plurinervata at the MS site (mean 9.0 plants/quadrat) compared to an 
absence at the MH site. T. plurinervata accounted for 14% of the site floristics 
dissimilarity. 
 
BH 
BS
MS 
MS2
MH 
MH2 
Stress: 0.1 
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Reintroduced mala sheltered more often (60%) in refuge sites that were associated with L. 
hakeifolia (Fig. 4.1). This species was frequently parasitised by the vine Cassytha 
pomiformis affording a cover which increased the structural density of the vegetation. 
Mixed Acacia and mixed shrubs each accounted for 15% of shelter records. Although 
present over large areas (>75%) of the release site, T. plurinervata was the least used 
species which mala sheltered beneath (7% of occasions). Some individuals showed marked 
preferences for particular shelter vegetation; for example, one individual always sheltered 
beneath L. hakeifolia, whereas other individuals utilised only mixed Acacia (n=2) or only 
mixed shrubs (n=2) for shelter. Individual vegetation preferences are presented in 
Appendix 2. 
 
Fig. 4.1. Frequency of use of a vegetation species covering diurnal refugia of reintroduced 
hare-wallabies across all sites on Peron Peninsula. Open bars: mala (n = 79), Closed bars: 
merrnine (n = 181). 
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a) 
 
b) 
 
c) 
 
d) 
Plate 4.1. a) Triodia plurinervata, showing 
entry to concealed mala refugium in 
foreground b) Mixed Acacia community 
dominated by A. tetragonaphylla, A. 
ligulata and A. ramulosa c) Shrub 
community consisting primarily of 
Thryptomene baeckeacea and Beyeria 
cinerea d) Lamarchea hakeifolia 
vegetation community parasitised by 
Cassytha pomiformis.
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Mala showed a propensity to shelter under vegetation with a structural density of > 60% 
in the 0-1 m range, and most individuals (90.9 ± 1.6%) sheltered beneath vegetation 
with a canopy cover 1-2 m above ground (Fig. 4.2a, Appendix 3a-d). Mala also built 
scrapes under vegetation with an average height (1316 ± 54 mm) that was less than the 
average height (1845 ± 69 mm) of surrounding vegetation. Their refugia were generally 
found in areas with 60.9 ± 1.5% projected foliage cover to bare ground cover. 
Microclimate data, recorded from refugia with a variety of covering vegetation, showed 
that the average temperature inside a refuge previously occupied by mala was lower 
(avg. 9.97°C) than that taken from an unshaded position (n=15, Fig. 4.3).  
 
 
 
Fig. 4.2. Average (±SE) vegetation density for each structural height category of refuge 
shelter for a) mala (n=81) and b) merrnine (n=181) on Peron Peninsula.  
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Fig. 4.3. Average temperature variations recorded in four different microhabitats on 
Peron Peninsula. Mala refuge, ▲; Under refuge vegetation, □; Under closest vegetation of 
same species, ♦; Open with no shade, ■.  
 
Mala scrapes averaged 149 ± 16 mm depth, 685 ± 61 mm length and 300 ± 52 mm 
width. All refuges had one opening, with the contents of their refuge comprising only 
sand. Scrape depth was negatively correlated with refuge structural density in the 0 – 
0.5 m range (r(54)=-0.335, p=0.017). There was no relationship between refuge 
dimensions and sex or season. 
 
Mala usually constructed the refuges themselves (81 % of occasions). However, 
burrows built by rabbits were also occupied (19 % of occasions): in these instances, 
individuals were seen sheltering at the surface of the rabbit burrow. Mala were never 
seen sharing their refuge with other animals (excluding instances where females 
sheltered with their joeys), although animals did utilise (n=5) refuges previously 
occupied by another individual.  
 
Mala did return to refuges they had occupied on previous occasions: of 121 recorded 
mala refuges, 30 % were reused. This figure may be influenced by observer presence 
coupled with the flighty nature of mala. If an animal was disturbed from its refuge it 
rarely (9%, n=33) reused the shelter.  
 
After fleeing from their diurnal site, animals were observed returning to previously used 
refuges >50 m from the initial disturbance site. They infrequently emitted a high pitched 
  Page 43 
squeal when taking flight. Animals were found to flee when approached to 2-25 m, with 
some animals showing a greater propensity to take flight than others. Individual refuge 
totals and flee rates are located within Appendix 2. Neither animal sex, nor season, were 
found to influence the frequency of refuge used or flee rates. However, animals were 
found to have a slightly decreased flee rate when the refuge was located in T. 
plurinervata, which may be related to higher ground cover density. 
 
4.3.2 Merrnine 
 
One hundred and eighty one merrnine shelters were found. Merrnine predominantly 
settled under mixed Acacia (79 % of occasions) (Fig. 4.1) which provided dense (60-
70%) cover up to 1.5 m (Plate 4.2b). Importantly, mixed Acacia species provided a 
dense visual (60-70%) cover at their branch extremity, with the areas closer to the tree 
trunk remaining relatively open (<10% cover). Individual vegetation preferences and 
average structural density for refuge vegetation are presented in Appendices 4 and 5. 
 
Within their shelters, merrnine rested on a bare-ground surface on 38% (n=55) of 
occasions, having removed surface litter. Interestingly, they also dug shallow scrapes 
with an average depth of 88 ± 7 mm. The scrapes were found to be significantly deeper 
in summer (122 ± 9 mm) than in spring (51 ± 10 mm; t(141)=5.464, p<0.001). No 
relationship was found between sex and refuge depth, and there were not enough 
samples to confirm a relationship between plant species and refuge depth. 
 
On six occasions (3%), merrnine sheltered at the entrance to a rabbit burrow. Merrnine 
also shared their refuge with conspecifics: two, and rarely three, merrnine were found to 
cohabit a refuge on 31.5 % (n=57) of occasions. These shared refuges all involved a 
male and at least one female and were never occupied by two males. One individual 
male shared a refuge with at least one female on 16 separate days. No association was 
observed between sharing rate and season. 
 
Faithfulness to a refuge site was higher in merrnine than mala. Of 181 refugia, 66 % 
were reused. Merrnine fled from their refuges on 28 occasions, after which time some 
15 returned to reuse these shelters. One animal returned to the same refuge over the 
course of the study. 
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When fleeing a diurnal site animals were found to move to a previously used refuge at a 
distance >50 m from the disturbance. Human proximity before fleeing ranged from 2-25 
metres. The flee behaviour varied from quick refuge exit and fast evasion, to slow 
bound, including occasional stops, whilst moving to another refuge. No audible sounds 
were recorded. Individual sex and season were not found to affect the frequency of 
refuge use or flee rates.  
 
On two occasions merrnine were seen outside their refuges during daylight hours. On 
both these occasions the weather was noticeably cooler and overcast. Merrnine were 
also observed feeding in these instances, eating the stems of Ptilotus spp. 
 
4.4 DISCUSSION 
 
There was a distinct difference in the floristic and structural density of vegetation that 
both macropods sheltered within. Most mala concentrated in shelters among low-lying 
L. hakeifolia vegetation rather than among sites with T. plurinervata.  In contrast, refuge 
vegetation used by mala in central Australia comprised dense spinifex (Triodia 
pungens) (Lundie-Jenkins, 1993a). Individual variation in vegetation preferences 
suggests that mala demonstrate flexible habits in selection of refuge shelter sites in 
terms of vegetation type. These refuges provided individuals with some protection from 
high temperatures. 
 
Merrnine sought shelter preferentially among taller Acacia vegetation which provided 
visual cover at branch extremity but remained open closer to the trunk. This open 
understorey would likely allow for ease of movement of individuals, possibly affording 
a quick escape route. This observation was consistent with observations of merrnine on 
Bernier Island which used habitat of dense thickets for shelter and run from one end to 
another in response to disturbance (Short et al., 1997). Like mala, merrnine 
demonstrated some degree of flexibility in refuge choice in terms of the vegetation used. 
 
Fidelity to a previously occupied shelter differed between hare-wallaby species 
(merrnine 57%, mala 30%), although figures should be treated with caution as there is 
evidence that mala may have been moving shelters in response to observer presence. 
Having a number of refuges within a home range has its benefits. For example, it can 
help to reduce the risk of predation, assist adult females to enforce the weaning of 
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juveniles, and prevent the build-up of parasites in a shelter (Hanski et al., 2000; Moseby 
& O'Donnell, 2003). Other critical-weight-range mammals, such as the spectacled hare-
wallaby L. conspicillatus (Burbidge, 1971) and bilby Macrotis lagotis (Moseby & 
O'Donnell, 2003) have also been shown to exhibit low fidelity to refuge sites. 
Nevertheless, individual mala and merrnine continued to reuse some refugia over a four 
(merrnine) and five (mala) month period. This is consistent of a ranging behaviour 
which has a domain rather than a ranging behaviour without boundaries.  
 
Although predominantly solitary, merrnine shared refuges with one, or occasionally two 
or three, conspecifics. The conclusions by Short and Turner (1992) that merrnine on 
Bernier and Dorre Islands shelter in small groups is not a result that was always 
observed in this reintroduction on the mainland. Regardless, these results imply that 
male merrnine are unlikely to have exclusive access to certain females, as females were 
found to share shelters with different males on a number of occasions. This behavioural 
trait is shared with M. lagotis (Moseby & O'Donnell, 2003).   
 
In conclusion, each hare-wallaby species displayed some degree of flexibility in its 
choice of refuge site on Peron Peninsula, although each species seemed to preferentially 
shelter among one vegetation form (floristically and structurally) over another. The 
depth of the scrape at mala refuge sites was found to increase as covering vegetation 
density decreased. That mala could occupy vegetation at a lower structural density, and 
in response dig deeper scrapes, leads us to question the significance of the impact of 
historical thinning of vegetation by competitors in arid Australia on this species. 
Furthermore, although mala in central Australia preferred a vegetation mosaic and 
structural diversity provided by fire regimes (Lundie-Jenkins, 1993a), this habitat 
requirement may not be a necessity for future release sites because, at Peron Peninsula 
at least, both mala and merrnine used shelters in several forms of vegetation that had not 
been recently altered by fire. This information augurs well for planning future 
reintroductions where exotic predators are removed or controlled, as mala and merrnine 
seem to exhibit considerable adaptability in terms of diurnal shelter.  
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5. SPATIAL MOVEMENTS OF HARE-WALLABIES 
REINTRODUCED TO SHARK BAY. 
 
5.1 INTRODUCTION 
 
Understanding the spatial movements of endangered species provides a wealth of 
information which can aid in the design of a conservation program. For example, the 
size of an animal’s home range and the density in which a population can survive 
(overlap) can limit reintroduction to areas of suitable size.  This home range size can 
alter over time, with such changes often coinciding with variations in season or resource 
availability (Stirrat, 2003). When assessed in conjunction with vegetation communities, 
home range locations can also provide information regarding preferred habitat.  
 
Home range is regularly defined as the area traversed by an individual in its normal 
activities of food gathering, mating and caring for young (first described by Burt, 1943). 
Within the home range there generally exists a “core area” that contains an area of 
higher concentrated activity containing preferred refugia, feeding sites or habitat 
(Samuel et al., 1985). Knowing areas of high usage, and the size of an animals home 
range, allows us to predict habitat quality or environmental productivity (Lindstedt et 
al., 1986; van der Ree et al., 2001).  There are several factors that can further influence 
the area of activity.  Social organisation, body size, diet, foraging method and 
reproductive strategy are also factors capable of producing a large variance in home 
range size (Lindstedt et al., 1986; Ostfeld, 1990; Fisher, 2000; Fisher & Owens, 2000; 
Hanski et al., 2000).  
 
Radio telemetry is the most accurate method of obtaining home range information on 
small mammals. It has been identified as a requirement for reintroduction studies 
attempting to understand post-release events and population survival (Short et al., 
1992), as it allows the monitoring of animals while they pursue their normal activities 
and movements with little interference by the observer. No radio telemetry based spatial 
information exists on the home range of merrnine or mala. Previous methods used to 
determine their home range included trapping and sighting, however this limits the area 
to that where the trapping grid is located or the area under direct observation (Moro & 
Morris, 2000). The aims of this radio telemetry study are to determine 1) the spatial and 
temporal use of habitat by hare-wallabies, 2) the productivity of habitat into which the 
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hare-wallabies have been introduced as indicated by home range size, and 3) the affect 
of food provisioning on home range size and overlap.  
 
5.2 METHODS 
 
5.2.1 Radiotelemetry 
 
Merrnine and mala were tracked nocturnally during each season (beginning in 
September, 2001) to determine any temporal changes in their home range. Merrnine 
were given an extra tracking session at the end of January 2002, as this is when they 
were expected to be mating (Sims & Himbeck, 2001a), so any changes in home range 
during this time could be measured. In all cases the entire activity  period (crepuscular 
and nocturnal) was covered using three tracking sessions over a period of nights: 18h30-
22h30, 23h00-03h00, 03h30-07h30. Preliminary studies showed that there was minimal 
animal movement prior to 18h30, or post 07h30. This confirmed that the telemetry time 
frames used were appropriate in obtaining information in all periods of potential animal 
movement. The four hour time frames also decreased human error in telemetry readings 
due to fatigue. The release methods, types of collars used, collaring procedure and 
equipment used for radio tracking have previously been outlined in Chapter 3. 
Provisioning of all animals ceased 65 days after release into the wild. 
 
When possible, three people (tri-angulation) were used to estimate nocturnal animal 
locations. The location of the transmitter was determined by taking the compass bearing 
on the direction of the loudest signal. Signal strength and observer confidence ratings 
were recorded for each bearing. Attempts were made to position the person at each 
telemetry location on high ground, thus increasing signal strength and range. 
Furthermore, attempts were made to position the telemetry locations within 500 m of 
animals, and at intersecting angles of 45 to 135 degrees, in order to minimise bearing 
error polygons (Myers, 2002), thus telemetry locations differed for each release site. 
Bearing error was calculated for each observers fix using prior field accuracy 
assessment tests. Each fix bearing was then standardised using their personal bearing 
error. Bearings were taken for each animal at 30 minute intervals. This time period was 
considered appropriate as it was equal to or greater than that used in other studies on 
similar sized animals or other macropods (eg. Taylor, 1993; Evans, 1996; Rooney et al., 
1998; Fisher, 2000). More than 45 nocturnal fixes were obtained for most animals 
during a season.  
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One of the assumptions in parametric analysis is that all data points must be 
independent. Often the use of successive locations gained over short periods of time can 
lead to autocorrelated data, which can then produce large errors, especially when sample 
sizes are small (Swihart & Slade, 1985b). Autocorrelation occurs when an animal does 
not have sufficient time to move from its original position, therefore influencing its next 
location (Swihart & Slade, 1985b). This may produce biased estimates, resulting in a 
decreased home range size (Swihart & Slade, 1985a).  
 
Past researchers have often increased time between successive fixes in order to avoid 
autocorrelation, however this is now believed to be unwise (de Solla et al., 1999). This 
restricted sampling effort may be sacrificing significant biological information 
(Reynolds & Laundre, 1990). If periods between successive fixes are maintained at 
constant time interval, then the autocorrelated data should not introduce unnecessary 
bias to home range estimates (de Solla et al., 1999). By setting the time interval between 
successive telemetry fixes at 30 minutes during this study, I waiver the requirement to 
eliminate autocorrelated data. 
 
Diurnal refuges were detected by approaching an animal on foot to its location (see 
Chapter 4). A Global Positioning System (GPS) location of this refuge was then 
recorded in Universal Transverse Mercator (UTM) units. The gathering of spatial 
movement data was initiated > 14 days post-release from captive pens for mala and 
merrnine. This period was used in order to give the animal’s time to adapt to their new 
environment and form a stable home range. 
 
5.2.2 Home Range Estimation 
 
Nocturnal animal locations were transformed from biangular or triangulation bearings 
into UTM coordinates using the software program LOCATE II (Pacer, Truro, Nova 
Scotia, Canada). The Maximum Likelihood Estimator (MLE) was used to calculate the 
most probable location of the animal. The coordinates of these locations were then 
entered into the software program RANGES V (Wareham, UK.) where the diurnal, total 
(nocturnal plus diurnal) and core home ranges were calculated.  
 
The home range coordinates for all animals were tested using an Incremental Area 
Analysis (IAA) to determine the minimum number of fixes required to provide a robust 
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estimate of their home range. The IAA provides a plot of the increase in home range 
size with the addition of each new data point. If the plot approaches an asymptote, it is 
perceived that enough data points have been obtained to realistically represent the 
animals’ home range (Harris et al., 1990; Kenward & Hodder, 1996), and the addition 
of further fixes result in a <5% increase in range size (Harris et al., 1990). If there were 
not enough data obtained to reach an asymptote for an animal, the animal was predicted 
not to have a stable home-range, and the information was not included in the analysis. 
 
Home ranges were estimated for individuals at each release site using three estimation 
methods. Minimum convex polygon (MCP) (Mohr, 1947) has been the most commonly 
used method to calculate home ranges in past research. This method was used to 
determine total home ranges as the results could then be compared with previous 
research on the study animals as well as other similar species. Total home range was 
calculated using a 95% MCP, which excludes 5% of the data points (outliers) which are 
furthest from the centre of activity. Diurnal home range was calculated using the 100% 
MCP method. All data points were used in this instance as they were actual locations 
(visually confirmed). MCP was the most appropriate method to use for these data 
because it requires fewer fixes in order to obtain an IAA asymptote, and is more robust 
than any other technique when the number of fixes are low (Harris et al., 1990). The 
MCP method is limited in a number of ways. It is strongly influenced by outlying fixes, 
therefore it potentially includes large areas of which the animal may never have visited 
(Anderson, 1982; Worton, 1987). Furthermore, when small sample sizes are used, the 
home range estimates are highly correlated with the number of observations (Worton, 
1987).  
 
More recently, a non-parametric fixed kernel home range estimate has been found to 
provide the most accurate estimate of home range size (Worton, 1995). The fixed 
kernel, when used with a least squares cross validation (LSCV) smoothing parameter, 
was found by Seaman and Powell (1996) to give the most accurate results of all current 
home range estimators. Therefore a 95% LSCV fixed kernel estimator (95%FK) was 
used to determine the total home range for all animals in this reintroduction, and is 
believed to provide a more accurate estimate than the 95%MCP. 
 
Core areas of the animals were determined using cluster analyses and consisted only of 
nocturnal coordinates. This method is particularly good in determining these areas of a 
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home range with high usage (Kenward, 1992; Kenward & Hodder, 1996) as it is 
multinucleate in conception, thus capable of producing a number of core areas (Harris et 
al., 1990). The utilisation distribution (UD) (home range area versus proportion of 
fixes) was plotted for each individual wallaby to decide upon the core area. The point of 
inflection before the greatest change in area was defined as the core area of use 
(Kenward & Hodder, 1996). The cluster analysis technique also allows for an easier 
determination of this point of inflection (Kenward & Hodder, 1996). Areas of range 
overlap were compared in order to determine each animal’s use of habitat in relation to 
other individuals of the same species. The percentage of range overlap was conducted 
for the 95%FK, core area, and diurnal 100%MCP.  
 
5.2.3 Data Analysis 
 
Relationships between home range size/overlap at each month, release site, food 
provision and sex were conducted using independent and paired samples t-tests.  When 
more than one month was compared with home range size, a one-way ANOVA was 
used, with a Tukey’s test used to determine individual differences. 
 
Home range and overlap data for mala and merrnine were combined between release 
sites where relevant as the time lapse between reintroduction and spatial assessments 
was thought to negate the effect of release method. Furthermore, there was found to be 
similar vegetation structure and floristics between release sites, and food provisioning 
regimes within species were consistent between sites (Chapter 3). Food provisioning 
ceased for merrnine on October 10, 2001, and for mala on November 25, 2001. 
 
5.3 RESULTS 
 
5.3.1 Mala Home Range and Range Overlap 
 
The average September 95%FK home range size (n=8, x=14.0) was significantly larger 
(t(12)=4.01, p=0.00) than those of December and April combined (n=6, x=4.9)(Table 
5.1). There was no relationship between the animal sex and home range size (t(12)=0.65, 
p=0.53). 
 
Approximately two weeks after release most animals from the MS site had moved on 
their own accord to the MS2 site (see Chapter 4). However, each animal returned 
  Page 51 
regularly to the food and water still being provisioned at the MS site during the 
September period (Fig 5.1a).  
 
A decision was made on February 23, 2002, by the reintroduction management to return 
all mala at the MS site to the original enclosure. They remained in captivity until April 
8, when they were released, with no further food or water provisions provided. During 
the April telemetry period (post-release) the animals again moved to the MS2 site. 
However, some animals still occasionally returned to the MS site, presumably searching 
for provisions (Plate 5.1c). This behaviour affected the results by increasing the average 
size of the home range for this period (Table 5.1). 
 
A) 
 
 
B) 
 
 
C) 
 
 
 
Plate 5.1 Home ranges and individual 
locations (x) of soft released mala. A) 
September home ranges during food 
provisioning. B) December home ranges 
two months post-food provisioning. C) 
April home ranges one month post-food 
provisioning, showing animals still 
returning to MS site 
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Diurnal range size did not vary according to sex (t(5) =0.04, p=0.97) or season 
(F3,24=0.64, p=0.29) (Table 5.1). Core ranges increased when animals were given food 
and water provisions (September). No difference was found between the core range of 
each sex (t(12) =-0.35, p=0.74). Home range characteristics for mala in “normal” wild 
circumstances are likely to be best represented by the December results, as home range 
size seemed to be affected by current or past provisioning in September and April. The 
home ranges for each individual animal are shown in Appendix 6. 
 
Table 5.1. Mean (±SE) home, diurnal and core ranges (ha) for mala at each sampling 
period. n = amount of individual ranges used to determine totals. x = telemetry data not 
obtained during that period.  
Species n Home Range Diurnal 
Range 
Core 
Range 
Mala  95%FK 95%MCP 100%MCP Cluster 
   September 8 14.0 ± 1.3 10.8 ± 1.1 x 2.1 ± 0.4 
   December 3 2.5 ± 0.6 5.1 ± 0.5 2.2 ± 0.5 0.4 ± 0.2 
   April 3 7.4 ± 3.5 9.1 ± 3.9 3.0 ± 0.9 0.4 ± 0.1 
Average  4.9 ± 1.9 7.1 ± 2.0 2.6 ± 0.5 0.4 ± 0.1 
 
The September home range overlap results were found to be significantly different 
(F3,32=6.85, p<0.01) to that of December (p<0.01) and April (p<0.01)(Table 5.2). The 
amount of overlap between animal ranges when they were provided with food was 
greater than when they had to find their own nutrition sources. 
 
The core ranges in December and April did not vary significantly (t(5)=-0.52, p=0.62). 
Overlaps of the home range and the core range differed (t(22)=-2.55, p=0.02) with the 
core range overlap being significantly less. 
 
Again, due to provisioning, range overlap characteristics for mala in “normal” wild 
circumstances are likely to be best represented by the December results. The range 
overlaps for each individual animal are shown in Appendix 6. 
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Table 5.2. Average overlap (% ± SE) in home, diurnal and core ranges for mala at each 
sampling period. n = amount of individual ranges used to determine totals, unless 
advised in parentheses. x = telemetry data not obtained during that period. 
Species n Home Range Diurnal Range Core Range 
Mala  95%FK 100%MCP Cluster 
     September 24 61.5 ± 4.3 x 26.5 ± 4.9 
     December 6 27.2 ± 7.8 x 6.8 ± 5.5 
     April 6 32.2 ± 9.6 9.2 ± 6.8 13.0 ± 8.7 
 
5.3.2 Merrnine Home Range and Range Overlap 
 
No significant difference was found between the home ranges per sampling period 
(F3,29= 0.81, p=0.50), sex (t(31)=0.08, p=0.94), or feeding regime (t(26)=-1.78, p=0.09). 
Therefore, although the average home range size was lowest in September when the 
animals were provided with food and water (Table 5.3), the difference was not found to 
be significant. The average home range of male merrnine in January (expected mating 
season) was higher (though not significantly) than that found in other sampling periods. 
Conversely, the average January female range was less than that in other sampling 
periods.  
 
There was no significant sampling period (t(6)=0.96, p=0.38) or sex (t(6)=-0.61, p=0.56) 
based difference in diurnal home ranges. The results of the core home ranges showed no 
variance between sampling periods (F3,29=0.39, p=0.76), sex (t(31)=-1.47, p=0.15) or 
provisions (t(3)=-1.08, p=0.29). The home range results for each individual merrnine are 
presented in Appendix 7. 
Table 5.3. Mean (±SE) home, diurnal and core ranges (ha) for merrnine at each sampling 
period. n = amount of individual ranges used to determine totals, unless advised in 
parentheses. x = telemetry data not obtained during that period. Total = average “true” 
home range results expected when home range data that is affected by provisioning is 
removed (September). 
Species n Home Range Diurnal 
Range 
Core Range 
Merrnine  95%FK 95%MCP 100%MCP Cluster 
  September 12 8.5 ± 0.9 7.0 ± 1.0 x 0.8 ± 0.1 
  December 9 11.6 ± 3.0 8.4 ± 1.8 x 0.9 ± 0.3 
  January 6 14.8 ± 3.8 14.0 ± 3.4 2.9 ± 1.5(5) 1.0 ± 0.2 
  April 6 12.0 ± 5.1 11.8 ± 1.1 0.9 ± 0.7(3) 1.0 ± 0.2 
Average  12.6 ± 2.1 11.0 ± 1.3 2.1 ± 1.0(8) 1.0 ± 0.1 
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The amount of overlap between home ranges (F5,150=22.30, p<0.01) and core ranges 
(F5,140=20.87, p<0.01) was significantly higher in periods when animals were 
provisioned (Plate 5.2, Table 5.4). A significant difference was found between the home 
range and core range overlaps (t(125)=-6.79, p<0.01), with the degree of overlap in the 
core areas less than that at the home range level. 
 
  
a)      b) 
Plate 5.2. Spatial movements of merrnine at BH Site showing home range overlap. a) 
home range overlap during September period when provided with food and water, b) 
home range overlap during December period with no food or water provisions. 
 
Behavioural data were obtained on diurnal overlap during the study through 
observations. For example, one male merrnine was seen defending his diurnal refuge 
(which he was sharing with a female) from another male. There was a marked increase 
in diurnal range overlap during the expected mating season (January), and a marked 
decrease in core range overlap, however, the differences were not significant (diurnal 
range overlap [t(21)=0.76, p=0.46], core range overlap [F3,92=1.63, p=0.19]). Range 
overlaps for all individual animals are given in Appendix 7. 
 
Table 5.4. Average overlap (% ± SE) of home, diurnal and core ranges for merrnine at 
each sampling period. n = amount of individual range overlaps used to determine totals, 
unless advised in parentheses. 
Species n Home Range Diurnal Range Core Range 
Merrnine  95%FK 100%MCP Cluster 
    September 60 68.3 ± 2.7 - 20.4 ± 2.5 
    December 36 25.2 ± 5.6 - 5.8 ± 2.0 
    January 30 23.6 ± 4.2 16.6 ± 8.1 (20) 1.4 ± 0.5 
    April 30 30.7 ± 5.1 5.1 ± 4.5 (6) 7.6 ± 2.8 
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5.3.3 Transient animals 
 
Six merrnine dispersed from their respective release sites and were tracked over the 
period of the reintroduction (Table 5.5). In this time they travelled an average of 20.3 
km over an average period of 52.5 days. This equates to a mean of 0.7 km/night. The 
known maximum distance traversed in the period of a single night was 2.2 km. The 
distances travelled by each transient animal are recorded in Appendix 8. 
 
Seven mala dispersed from their release sites and travelled a mean of 16.2 km over a 
period averaging 20.6 days. This resulted in a mean of 1 km/night. The greatest distance 
travelled in a single night was 12.8 km. There did not appear to be any pattern in the 
direction of dispersal by the transient animals. 
  
Table 5.5. Spatial movements and survival times for transient hare-wallabies post-
reintroduction. n = number of transient animals for which data was obtained. 
Species n Mean Distance 
Travelled (km ± SE) 
Time Period 
(days ± SE) 
Average 
distance / night 
(km ± SE) 
Merrnine 6 20.3 ± 3.4 52.5 ± 16.4 0.7 ± 0.3 
Mala 7 16.2 ± 5.7 20.6 ± 6.8 1.0 ± 0.3 
 
 
5.4 DISCUSSION 
 
The provision of food and water did not significantly alter the average home range size 
of merrnine. The influences of this provisioning on the size of mala ranges was difficult 
to determine due to them regularly moving from the release site, where food was 
provided, to a preferred diurnal resting site. It was interesting to note that some animals 
continued to return to the feed station for >10 nights after the food had been removed. 
 
When food provisioning did not influence home range size, mala were found to occupy 
areas that were smaller than those found in a previous study (Lundie-Jenkins, 1998). In 
central Australia, male mala had an average home range of 60 ha, and females 67 ha. 
No home range studies have been completed previously on merrnine, however, 
comparable home-range areas could be expected for species of similar size, social 
structure and ecological niche (Croft, 1989). Like the mala, the home ranges of 
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merrnine on Peron Peninsula were found to be smaller than comparable sized animals. 
For example, another slightly larger hare-wallaby, Lagorchestes conspicillatus (3000g, 
Burbidge & Johnson, 1995), have home ranges of 205 ha (male) and 134 ha (female) in 
Queensland (McCosker, 1998).  
 
Home range size can be influenced by habitat productivity, as animals in productive 
habitats generally have smaller home ranges than those in unproductive habitats 
(Harestad & Bunnell, 1979; Lindstedt et al., 1986). Therefore, the finding that the hare-
wallabies had considerably smaller home ranges than other comparable sized animals 
suggests that the release sites contained higher habitat productivity, enabling the 
animals to meet their energetic requirements within a smaller area. 
 
Another potential influence on home range size is the mating technique employed by a 
species (Ostfeld, 1990). The size of female ranges are expected to be minimal, requiring 
enough area to find sufficient food with minimum risk and energy loss (Sandell, 1989). 
Alternatively, male home ranges are expected to be greater (Clutton-Brock, 1989) 
because males (from species that are not dimorphic in size) tend to compete intensively 
for females by searching widely rather than by fighting (Alexander et al., 1979). 
Furthermore, in order to increase breeding opportunities, their home range commonly 
overlaps the ranges of a number of females (Hixon, 1987). Fisher and Owens (2000) 
dispute this theory in respect to macropods, claiming that macropods with no sexual 
dimorphism tend to have decreased home range variance between sexes. Our results 
concurred with the latter, finding no difference in home range size between sexes.  
 
This lack of range dimorphism is a pattern that tends to occur in areas of low rainfall 
(Fisher & Owens, 2000), but may also be related to the range overlap shown by females 
in both hare-wallaby species. In the semi-arid environment of Shark Bay, the 
overlapping of many exclusive female home ranges by males may be energetically 
costly, even if contact with receptive females is increased (Fisher & Owens, 2000). 
Because female home ranges were found to overlap on Peron Peninsula, male hare-
wallabies don’t require large home ranges in order to have access to a number of 
females. Male home ranges were also found to overlap, suggesting that males do not 
defend home areas, thus further increasing each animal’s access to females. Neither 
species forming exclusive territories was expected, as only two known macropodids 
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defend territories (Fisher & Owens, 2000). All other spatially studied macropods have 
extensive overlap within and between the sexes (Jarman & Kruuk, 1996). 
 
However, it was interesting to note that male merrnine ranges were larger in January 
(their expected mating season) than in other months. Males may increase their searching 
range when females come into oestrus (Richards et al., 2001). Female ranges decreased 
in size during this period, suggesting that females were more interested in conserving 
energy prior to the physically demanding breeding phase (Moss & Croft, 1999).  
 
There was no evidence to show seasonal shifts in home range location. This result was 
not anticipated, as the abundance and quality of vegetation in summer months was 
expected to differ to that of winter months due to the difference in rainfall. Some studies 
have found similar lack of seasonal change for their study species (eg. Evans, 1996; 
Myers, 2002), despite seasonal fluctuations in vegetation biomass. However, others 
have found that vegetation conditions are inversely related to home range size (eg. 
Fisher, 2000). 
 
The macropods were found in certain parts of their range at a higher frequency (core 
areas). These core-areas indicate the existence of preferred locales, which are likely to 
represent patches of rich food resources (Samuel et al., 1985; Wauters et al., 1994). 
Overlap in these core areas was significantly less than that found in total home ranges. 
The September core area overlap data showed that the home ranges of every animal 
incorporated the feed station, indicating that the hare-wallabies do not physically defend 
areas of high energy importance. Therefore, the lack of core area overlap post 
provisioning suggests that they prefer their relatively solitary lifestyle. 
 
Chapter 4 results determined that mala do not share diurnal refuge sites. It is unknown 
whether they actually defend diurnal ranges, or prefer to refuge in areas away from 
other mala, as there were no relevant diurnal observations on this issue. Alternatively, 
male merrnine may defend refuge sites against other males. Chapter 4 results show that 
they will commonly share their refuge with an animal from the opposite sex, and on 
occasions females can be found in close proximity to each other. Observational records 
showed that male animals will defend refuge sites and/or females from other males. 
  Page 58 
6. THE EFFECTS OF REINTRODUCTION ON ANIMAL HEALTH: 
A CASE STUDY OF HARE-WALLABIES REINTRODUCED TO 
SHARK BAY, WA. 
 
6.1 INTRODUCTION 
 
The success of a reintroduction relies on the survival of the released animals and their 
ability to reproduce at a rate greater than death. This survivorship and fecundity can be 
negatively affected if a captive-bred animal is reintroduced and is unable to retain the 
healthy body condition that was enjoyed whilst under captive conditions (Moss & Croft, 
1999).  
 
In this project, the hare-wallabies are being reintroduced into an environment that has 
previously been intensively grazed by sheep and cattle, and still contains populations of 
introduced competitors such as rabbits and goats. The maintenance of a healthy body 
condition would reflect the ability of the hare-wallabies to adapt to habitat degradation 
and competition by locating vegetation of suitable biomass and quality. If they can 
maintain healthy body weight under these conditions, the hare-wallabies then have 
ready access to stored body nutrients that increase future prospects by buffering against 
local environmental fluctuations (Caughley & Sinclair, 1994), and thus improve the 
survivorship and reproductive success of an individual (Owen-Smith, 1994; Moss & 
Croft, 1999). 
 
The maintenance of healthy body condition also reflects an animal’s ability to overcome 
the pressures applied by parasites (Loehle, 1995). For the purpose of this study, 
“parasite” refers to any heterotrophic organism that survives by gaining nutrients from a 
host species. Parasites have the ability to cause 1) death, directly or indirectly, 2) 
increased susceptibility to predation or disease due to debilitation, 3) lowered 
reproductive capacity, or 4) a combination of 1, 2 and 3 (Scott, 1988; Collyer & 
Stockwell, 2004; Kristan, 2004), therefore all reintroductions should include an 
examination of parasite impact (Viggers et al., 1993; McCallum & Dobson, 1995; 
Collyer & Stockwell, 2004). It is important to note that the infection of an animal with 
parasites does not necessarily lead to loss of health (Cunningham, 1996; eg. Collyer, 
2000). In many cases they are just part of the natural mechanisms regulating 
populations.  
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The effect of parasites on a population is not easily detected and as a result the 
possibility that they may have led to or contributed to species decline or extinction is 
largely ignored (Freeland, 1993; Viggers et al., 1993; McCallum, 1994). Moreover, 
impacts of parasites have rarely been considered in the planning and design of 
reintroduction programs (McCallum & Dobson, 1995), which is unusual considering 
that parasitic infections have previously defeated some attempts to reintroduce 
endangered captive bred species (Viggers et al., 1993). Stress, resulting from 
reintroductions, can depress immune competence and thus render the animal more 
susceptible to parasite-born disease (McCracken, 1987; Viggers et al., 1993). 
Alternatively, parasites may constitute an added stressor and provide an unnecessary 
element of risk to an animal during the release process (Phillips & Scheck, 1991).  
 
In this study the body condition of reintroduced mala and merrnine will be monitored 
post-release in order to determine their response to dietary change, and their ability to 
survive and breed in an environment that had previously suffered from degradation due 
to exotic species. In addition, this research will identify and monitor the temporal 
change in ectoparasite and endoparasite diversity using non-invasive faecal sampling 
protocols for each hare-wallaby species, compare these results with source populations 
and wild populations from elsewhere in Western Australia, and ascertain whether 
parasite infection affects important aspects of animal health. 
 
6.2 METHODS 
 
6.2.1 Trapping 
 
Trapping of most reintroduced animals occurred within one month of release to 
ascertain animal health and appropriate collar fit, and then at a minimum of every three 
months thereafter. At irregular intervals, merrnine were trapped using Sheffield wire 
cage traps baited with peanut butter and rolled oats, and placed at the study sites. In 
locations where mala were known to be present, Bromilow traps (see Chapter 3) were 
used, baited with fresh fruit. Traps were generally placed along roads and checked at 
dawn every morning. For those animals whose home range was thought to be outside 
this area, traps were placed near their diurnal refuge site. 
 
Animal body condition index was calculated using the same procedures as those defined 
in Chapter 3. 
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6.2.2 Pathogens 
 
Upon release, hare-wallabies were given a sub-cutaneus injection of Ivermectin (Ivomec 
antiparasitic injection for cattle; 0.03 ml mala, 0.04 ml merrnine) which is designed to 
kill most common species of parasites currently residing in and on the animals 
(Alexander, 1997; Reiss, 2002). 
 
When released animals were trapped, fresh faecal samples were collected from within 
the trap and frozen. These faeces were examined for parasite eggs, larvae and coccidial 
oocysts using procedures designed to determine the presence or absence of gut parasites 
(Viggers et al., 1993). Sodium nitrate “faecalyser” technique is one of the most reliable 
techniques for determining the presence of common helminth eggs in faecal samples, 
while zinc sulphate is a flotation technique commonly used to detect nematodes and 
some forms of protozoa (Hobbs et al., 2002). These two methods are important as 
pathogenic helminth species in particular may potentially have a significant adverse 
impact on small or relic host populations (Scott, 1988). The malachite green wet smears 
were used primarily to detect the presence of Cryptosporidium oocysts. For a 
description of all techniques, see Hobbs et al (2002). Trapped animals were also 
searched for ectoparasites residing around the head and genitalia region.  
  
Where possible, the stomach and intestines of fresh carcasses were collected and frozen. 
These were later thawed and visually examined in a laboratory to determine the 
presence/absence of adult intestinal parasites. 
 
Faecal samples were also collected from captive animals at PCBC in order to compare 
parasite species diversity with the released animals. Samples were collected in winter 
2002 and summer 2003. There was always more than one animal per pen, however due 
to their close proximity, it is probable that the animals within each pen contained the 
same parasite species. The absence of eggs in a faecal sample does not necessarily 
indicate that an animal is free of internal parasites, as the adult parasites may not have 
shed eggs during the sampling period.  
 
Eleven faecal samples were obtained in September, 2002, from mala reintroduced onto 
Trimouille Island, which is situated in the Montebello Islands Conservation Park 
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(Langford & Burbidge, 2001). Scats that appeared to be fresh (dark in colour) were 
taken. Two faecal samples were obtained in March 2003 from merrnine trapped on 
Dorre Island. These samples provided information on parasite diversity at alternative 
sites. 
 
6.2.3 Independent screening 
 
A total of twenty faecal samples from mala and merrnine were sent to Murdoch 
University Veterinary Department for independent laboratory verification of samples 
previously screened at Edith Cowan University to ensure that correct protocols and 
survey methods were being applied.  
 
6.3 RESULTS 
 
6.3.1 Body Condition 
 
Post-reintroduction, the body condition of merrnine increased in the months that they 
were supplied with food and water (Fig. 6.1). Once provisioning ceased (October 10) 
the animals had to rely solely on wild food sources. Their weight decreased markedly. 
This appears to have stabilized slightly two months later, with no body condition loss 
occurring between November and January, however the average body condition again 
deteriorated prior to weighing in April. 
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Fig. 6.1. Average body condition for merrnine remaining at release sites following 
reintroduction to Peron Peninsula. Vertical lines indicate SE, ♦ indicates food and water 
provision, ■ indicates animals reliant on wild food sources. 
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Mala continued to lose body condition for two months post-release, which may indicate 
that the stress of the reintroduction remained a factor (Fig. 6.2). However, body 
condition then increased between October and November to levels higher than that 
found prior to release. Body condition slowly decreased when provisioning finished 
(late November) and the mala had to rely entirely on wild food sources. 
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Fig. 6.2. Average body condition post-reintroduction for mala remaining at release sites. 
Vertical lines indicate SE, ♦ indicates food and water provision, ■ indicates animals 
reliant on wild food sources. 
 
6.3.2 Parasites 
 
Independent screening confirmed the results obtained from screening at Edith Cowan 
University.  
 
Cryptosporidium oocysts were not found in any of the samples of reintroduced, captive 
or wild populations of hare-wallabies. 
 
6.3.2.1 Merrnine 
 
Endoparasites were present in the reintroduced merrnine even though they were treated 
pre-release with ivermectin. Three species of internal parasites were found 
(Strongyloides sp., Entamoeba sp. and Eimeria sp.). However, these parasites were not 
evident in samples taken over the summer or autumn periods (Fig. 6.3).  
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Fig. 6.3. Percentage of reintroduced merrnine infected by parasites. n = number of 
samples obtained during the season, x = number of animals sampled from. 
 
Three types of endoparasites were present in the faecal samples of captive merrnine at 
PCBC: Strongyloides sp., Entamoeba sp. and Eimeria sp.(Fig. 6.4). The prevalence of 
strongylid eggs increased in individuals in the summer. In contrast, the prevalence of 
Entamoeba and Eimeria decreased from winter to summer seasons. 
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Fig. 6.4. Percentage of sampled merrnine infected by parasites at PCBC. n = number of 
samples tested/season. 
 
Faecal samples obtained from Dorre Island merrnine contained threadworms 
(Strongyloides sp.) and pinworm eggs (Family Oxyuridae). No pinworm eggs were 
found in the merrnine at PCBC or the reintroduced animals.  
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Post-mortem examinations were conducted on the stomach and intestines of three 
deceased merrnine. No adult parasites were discovered in any of the samples. Parasites 
had not been found in faecal samples of these animals prior to their deaths.  
 
6.3.2.2 Mala 
 
Parasites were not present in the winter samples which were taken at release, however 
this may be due to a small sample size. Two species of internal parasites were found 
during the spring period (Strongyloides sp. and Eimeria sp.). Parasites were not detected 
over the summer or autumn periods (Fig. 6.5).  
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Fig. 6.5. Percentage of reintroduced mala scats infected by parasites. n = number of 
samples obtained during the season, x = number of animals sampled from. 
 
Winter faecal samples of mala at PCBC contained two internal parasite species: 
Entamoeba sp. and Eimeria sp. (Fig. 6.6). No evidence of internal parasites were 
detected in the summer period.  
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Fig. 6.6. Percentage of mala samples infected by parasites at PCBC. n = number of 
samples tested/season. 
 
No faecal samples obtained from mala reintroduced to Trimouille Island contained 
internal parasites, although this may be due to the unknown age of faecal samples.   
 
Post-mortem examinations were conducted on the stomach and intestines of four 
deceased animal’s. No adult parasites were located in any of the samples. No evidence 
of parasites was detected in any faecal samples collected prior to the deaths of these 
four individuals. 
 
6.3.3 Body Condition vs Endoparasites 
 
A significant positive correlation was found between endoparasite presence and body 
condition for merrnine (r(32)=0.413, p=0.019), and no correlation was found for these 
variables with mala (r(18)=-0.169, p=0.503). 
 
6.3.4 Ectoparasites 
 
All hare-wallabies visually appeared to be in very good external condition when 
trapped. External examinations of 14 reintroduced merrnine (n=42), and nine 
reintroduced mala (n=20) did not reveal the presence of ectoparasites.  
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6.3.5 Transient Animal Health 
 
Three male hare-wallabies (two merrnine, one mala) dispersed from their release sites 
(>1 km from point of release), and were recaptured at a later date on the Peninsula. 
These animals were weighed and measured in order to determine the change in body 
condition of transient animals (Fig. 6.7). 
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Fig. 6.7. Change in body condition of transient animals after leaving their release site. 
Name acronym key: first letter- M = mala, B = merrnine, second letter- S = soft released, 
H = hard released, third letter- M – male, F = female. Number = individual animal code. 
 
Of the three animals, only one merrnine showed an initial increase in body condition 
after emigrating from the release site. However, when trapped again at the same 
location in December, he had lost body condition. The two other transient animal’s lost 
body condition after leaving their release sites. All three animals were in a good 
condition and were not underweight. None of the animals were found to be harboring 
ectoparasites, pre- or post-emigration. 
 
Faecal parasite examinations located Strongyle eggs from scats taken from the transient 
mala upon release in September, however, no parasites were present in this animals 
scats in October. No parasites were present in the faeces of BSM51 in October. There 
were no previous faecal analysis results for this individual. 
 
6.3.6 Breeding 
 
Female merrnine were found to be predominantly carrying new pouch young in the 
months of April and May (Fig. 6.8). Only one female was found to breed irrespective of 
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the month. She was reintroduced in July with a joey, and was then found to be carrying 
a new pouch young in October. Due to the size/age of the initial joey, it was assumed to 
have died before the arrival of the second pouch young. 
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Fig. 6.8. Percentage of trapped female merrnine with previously unidentified pouch 
young. n = number of females trapped during the month. 
 
Most female mala showed no signs of breeding between release and March 2002. Only 
two females were found to breed irrespective of month (Fig. 6.9).  
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Fig. 6.9. Percentage of trapped female mala with previously unidentified pouch young. n 
= number of females trapped during the month. 
 
 
6.4 DISCUSSION 
 
The body condition results demonstrate that the animals, bred and raised in captivity, 
were able to physically adapt when reintroduced into a different environment and 
survive on the wild food sources. The body condition losses shown by the merrnine 
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towards the end of the summer were predicted, and were expected to have been 
mirrored by mala relying solely on natural food sources. Low rainfall during the 
reintroduction period (see Ch. 2) is likely to have led to a reduction in food quantity and 
quality, eventually resulting in loss of body condition for macropods (Caughley, 1987; 
Fisher et al., 2001). These drought conditions particularly affect smaller herbivores like 
the hare-wallabies, as their proportionally greater metabolic rate requires a higher 
quality diet than larger animals (Moss & Croft, 1999). Furthermore, considering the 
likely competition for resources with rabbits and the small goat population (Sims & 
Himbeck, 2001), the animals were in remarkably good condition.  
 
It is likely that provisioning is important to the maintenance of body condition. Once the 
provision of food and water ceased, animal body condition decreased. However, body 
condition stabilized at a level that did not affect the ability of these animals to survive. 
This relationship suggests that provisioning is an important factor in maintaining body 
condition indices at or above pre-release indices during the initial stressful release 
period. 
 
Body condition loss can be closely related to parasites, as parasite infections can 
decrease body weight (Collyer & Stockwell, 2004; Horak et al., 2004; Kristan, 2004), 
and also decrease immune system function leaving animals more vulnerable to disease 
(McCracken, 1987; Viggers et al., 1993). In this study mala were found to be initially 
infected by internal parasites, but not negatively affected. In contrast, the body 
condition of merrnine was found to be affected by parasite presence, however, this is 
thought to be coincidental and related to the initial presence of parasites when animal 
diet was supplemented with food and water. There was no evidence of any new parasite 
species being contracted from the release environment. 
 
Three endoparasite species were found in both reintroduced species over the winter and 
spring seasons. The lack of parasites during summer and autumn may be due to a 
decreased host density during these seasons and/or extreme environmental conditions 
which may have directly or indirectly affected off-host components of the parasite life 
cycle. 
 
All three endoparasite species were found in captive merrnine, with Strongylid eggs 
generally appearing in the greatest frequency (35-45 % of scats). This pattern was 
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mirrored in reintroduced animals. Two species of Strongyloid (Rugopharynx australis 
and Cloacina sp.) have been previously described in merrnine (Spratt et al., 1991). A 
post-mortem examination of an animal from PCBC in 2002 discovered a new species of 
nematode, Cloacina sp., that is currently in the process of being described (R. Hobbs, 
pers. com.). Protozoans (Eimeria sp. and Entamoeba sp.) have not been found in 
merrnine prior to this study. 
 
In general, endoparasites in reintroduced mala were found at a very low frequency, with 
Strongyloid nematodes being the most common parasites found during this study. Three 
nematode species and no protozoans have previously been described for mala (Spratt et 
al., 1991). No Strongyloids were found in the samples taken from PCBC. This result 
was unexpected, as stomach inhabiting Strongyloid nematodes dominate the parasite 
communities in most macropodids (Beveridge et al., 1992).  
 
The intensity of parasite infestation in each individual is difficult to determine using 
these faecal analysis techniques. The number of eggs in each sample may not accurately 
reflect the adult abundance, as different species of parasites may have substantially 
different egg-laying capabilities (Hobbs et al., 2002).  
 
No ectoparasites were found on any of the reintroduced hare-wallabies pre- or post-
release, and the external condition of these animals was always good, suggesting that 
external parasites were not negatively affecting health. Ectoparasites have been located 
on animals at PCBC previously (Order Phthiraptera), however in these instances the 
infected animals are treated until the parasites are no longer present (N. Noakes, pers. 
com.).  
 
Ectoparasites that may potentially affect the hare-wallabies include lice, fleas, mites and 
ticks. Mites and lice tend to have a high host specificity (Hobbs et al., 2002), therefore 
the chances of parasite transfer between the reintroduced hare-wallabies and other wild 
host species are low. Both ticks and fleas have a part of their life cycle off the host 
(Hobbs et al., 2002), therefore they may suffer the same limitations as internal parasites; 
e.g. extreme environmental conditions, and lack of high host densities in the area. 
Furthermore, results from Chapter 4 show that the reintroduced animals use a range of 
diurnal resting sites, and regularly change them, thus decreasing the opportunity of 
parasite build-up in these areas. 
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The merrnine showed during this study that they are capable of continuous breeding, but 
have a peak in pouch young in autumn. Similarly, the mala showed that they are capable 
of breeding throughout the year. Both these results concur with the findings of merrnine 
and mala on Bernier and Dorre Islands (Richards et al., 2001), and mala in central 
Australia (Lundie-Jenkins, 1993a).  
 
Survival in a wild environment may also be more conducive to breeding, as two female 
merrnine had not given birth in captivity prior to release. Both animals were over two 
years old when released, and both were found to be carrying pouch young 
approximately nine months later. These results were consistent with reintroduced, 
captive-bred yellow-footed rock-wallabies (Petrogale xanthopus celeris) which 
demonstrate a higher fecundity than captive animals (Lapidge, 2003). 
 
Interestingly, a comparison of breeding (Fig. 6.8 & 6.9) and parasite results (Fig. 6.3 & 
6.5) for reintroduced hare-wallabies suggests that the presence of parasites may have 
affected fecundity. The greatest affect pathogens could have on these animals is to 
prevent host reproduction, but not mortality (McCallum, 1994). However, due to the 
fact that the breeding times are similar to that found in previous studies, this result is 
thought to be coincidental.  
 
A decrease in body condition can lead to the delaying of sexual maturity, as well as 
decreased reproductive activity (Loehle, 1995; Moss & Croft, 1999). The presence of 
pouch young in all located female carcass’ in autumn provides further evidence to 
suggest that the body condition of the animals was sufficient enough not to inhibit 
sexual maturity or breeding ability.  
 
The weight fluctuations of the transient animals were similar to that shown by the 
animals remaining at the release sites. All trapped transient animals seemed to be in 
good physical health, which suggests that the hare-wallabies were able to gain enough 
nutrition from the vegetation on the peninsula. The results of the faecal analysis also 
suggest that transient hare-wallabies did not acquire any additional species of parasite 
from the environment.  
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7. CAN CAPTIVE-BRED HARE-WALLABIES SURVIVE IN THE 
PRESENCE OF FERAL CATS? 
 
7.1 INTRODUCTION 
 
Mainland Shark Bay has lost sixty percent of its original mammal species since the 
arrival of Europeans to Australia in 1788. This extinction rate has been mirrored 
throughout Australia, with introduced predators believed to be largely responsible for 
medium sized Australian marsupial decline (Le Souef, 1923; Kinnear et al., 1988b; 
Short, 1999).  
 
Many studies implicate the introduced red fox as the most likely cause of extinctions 
(Burbidge et al., 1988; Short et al., 1992; Abbott, 2002). Foxes are particularly 
devastating to a prey population as their predation methods often include surplus killing; 
where prey are killed at a rate greater than necessary to supply its immediate food 
requirements (Short et al., 2002). This method of predation often leads to a rapid 
decrease in prey populations (e.g. Kruuk, 1972b). Due to these factors, many 
conservation programs in Australia have focused on attempting to find effective 
methods for decreasing fox populations, with these programs being largely successful in 
recent years. Results from these programs indicate that the removal of foxes from local 
habitats often results in the population increase and spread of local marsupials (Kinnear, 
2002). However, in areas where foxes and feral cats co-exist, the removal of foxes 
usually leads to an increase in cat population (Dickman, 1996; Risbey et al., 2000). 
Therefore, locations that have recently promoted fox baiting programs in order to 
conserve native marsupials are likely to experience an increase in cat population.  
 
Some studies found little evidence to link feral cat predation with major impacts on 
medium sized macropod fauna (Robertshaw & Haarden, 1989; Abbott, 2002). 
Nevertheless, feral cats have been found to prey upon macropods weighing up to about 
4000 g (Spencer, 1990), but have shown a marked preference for prey weighing <220 g 
(Dickman, 1996). The impact of feral cat predation is not likely to be as high as that 
shown by foxes because no example of surplus killing by cats has been documented 
(Short et al., 2002). However, the extent of their possible impact on medium sized 
marsupials remains unclear. 
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Cat predation has been implicated in the deaths of both species in previous 
reintroduction attempts (Short et al., 1992; Gibson et al., 1994b). However, in all 
instances there were other potentially contributing factors involved. Thus, Peron 
Peninsula provides an opportunity to study the effect of cat predation (in the absence of 
foxes) on reintroduced native macropod populations and establish the likely effect of cat 
predation on the original mainland populations of these macropods. Two additional 
hypotheses were tested; i) whether the survival abilities of animals that remain at the 
reintroduction release site are greater than those that emigrate, and ii) whether predation 
is size dependant. 
 
7.2 METHODS 
 
The research was conducted on the semi-arid Peron Peninsula, Shark Bay in 2001-2, 
and forms part of a program constructed by the Department of Conservation and Land 
Management (CALM) called Project Eden. The Project encompasses 1,050 square 
kilometres of the Peron Peninsula and is aimed at reversing the decline of a variety of 
native species by controlling introduced feral predators and competitors and 
reintroducing native fauna to the peninsula. Foxes have been virtually eliminated from 
Peron through a successful baiting regime, and numbers of feral cats and goats have 
been substantially reduced (Morris et al., 2004). A barrier fence erected across the 
narrow isthmus of the Peninsula has been successful in preventing their return (Morris 
et al., 2004).  
 
7.2.1 Radio Tracking 
 
The reintroduction involved the release of 16 mala and 18 merrnine with mortality-
sensing radio transmitters at five different release sites (Table 3.1). Animals were radio 
tracked using the same methods and materials as outlined in Chapter 4. Animals 
displaying site fidelity consistently chose diurnal refugia located <1 km from the release 
site (see Chapter 4). 
 
7.2.2 Feral Animal Control 
 
Cats were regularly trapped on Peron Peninsula by feral control officers employed by 
the Department of Conservation and Land Management. Using Victor ‘Soft Catch’ No. 
3 traps, feral cats were enticed into them by the scent of ‘pongo’- a blended mixture of 
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cat faeces and urine. This cat trapping program was conducted over the entire road 
system of Peron Peninsula- including the roads adjacent to the release areas.  
 
Aerial baiting was conducted on Peron Peninsula on April 11, 2002. This involved 
dropping kangaroo meat, formed into a “sausage”, and injected with 4.5 mg sodium 
monoflouroacetate (1080) at a bait density of 50 baits/sq km. This particular date 
coincided with the time of lowest prey abundance: the period where there is the optimal 
chance of bait uptake by feral cats (Maxwell, 2002).  
 
The feral cat control methods have resulted in decreasing the average cat size on the 
Peninsula from 4.4 kg in September 1996 to 3.5 kg in September 2000 (Sims & 
Himbeck, 2001). In June 2001, the cat density was approximately 3.8 cat tracks/10 km 
surveyed track (Sims & Himbeck, 2001). Post April 11, 2002, the cat density was 
approximately 2.3 cat tracks/10 km surveyed track (T. Cowell, unpublished data). 
 
7.2.3 Cause of Hare-Wallaby Death 
 
Mala and merrnine were assessed as dead when a carcass, or part thereof, was 
recovered, or a collar was located by aeroplane emitting a mortality signal in the same 
location on more than one instance. On occasions only a collar was recovered. In this 
case the animal was classed as dead, and assumed to have been decapitated, as it was 
thought to be physically impossible for the animals to be able to remove the collar from 
around its neck.  
 
Cause of death was attributed to predation from cats, raptors, or alternatively classified 
as “indeterminate”. Predation by cats was identified by the presence of fresh cat prints 
and meat removed from skin and large bones. Predation by raptors was identified by the 
presence of fresh raptor prints, raptor feathers and/or faeces at capture site, and removal 
of skin. Raptor kills could only be identified where the carcass/collar was found. No 
raptor nests were located on the peninsula, therefore raptor kills may have been 
underestimated where animals were carried to and consumed at a nest or other sites.  
 
Cause of death was classified as “indeterminate” if the animal was recovered without 
any sign of forceful kill, no broken limbs, and no limbs entangled in the collar. This was 
the case even if the collar and/or carcass showed some attributes of predation, as an 
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animal may have scavenged upon a previously deceased carcass. Only when the 
predator tracks could be traced to a recent macropod mortality could the death be 
positively attributed. Where possible carcasses classified as “indeterminate” were 
removed and taken to a veterinarian who would conduct a post-mortem examination in 
an attempt to determine cause of death. Any animal whose collar signal had not been 
located at the conclusion of the study was classified as “fate unknown”. 
 
7.2.4 Data Analysis 
 
Independent sample t-tests were used to compare survival times between emigrated 
animals and animals that remained at the release sites. A Pearson’s correlation 
coefficient was used to determine a relationship between predation and animal weight. 
 
7.3 RESULTS 
 
Four merrnine emigrated from the BS site up to 60 days post-release (Fig. 7.1). The 
remaining five merrnine were killed by feral cats in November and December 2001, 147 
days post-release. 
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Fig. 7.1. Merrnine at BS release site. ♦ - indicates individual merrnine death due to cat 
predation at release site; ◊ - indicates time of site emigration by an individual merrnine. 
 
Three merrnine had dispersed (>1 km) from the BH release site 11 days post-release 
(Fig. 7.2). The remaining six animals remained at the site until killed by feral cats in 
April and May, 2002, with the last remaining animal killed 294 days post-release.  
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Fig. 7.2. Merrnine at BH release site. ♦ - indicates individual merrnine death due to cat 
predation at release site; ◊ - indicates time of site emigration by an individual merrnine. 
 
Two mala had emigrated from the MS site 19 days post-release (Fig. 7.3). Two mala 
were killed by avian predators in the vicinity of the release site. Evidence (feathers and 
prints) at the kill site suggested predation by a wedge-tailed eagle. The remaining three 
animals were killed by feral cats over four days in May, 2002.  
 
0
2
4
6
8
10
28-Jul-01 16-Sep-01 05-Nov-01 25-Dec-01 13-Feb-02 04-Apr-02 24-May-02
Date
A
n
im
a
ls
 r
e
m
a
in
in
g
 
Fig. 7.3. Mala at MS release site. ♦ - indicates individual mala death due to cat predation 
at release site; ◊ - indicates time of site emigration by an individual mala; ♦ - indicates 
release site avian mortality. 
 
One mala was killed by a feral cat on the first night of release at the MH site (Fig. 7.4). 
Following this, four animals dispersed from the MH and MH2 sites 22 days post-
release. Four remaining mala were killed by feral cats at the MH site in November and 
December, 2001, 101 days after reintroduction. The remaining mala was transferred to 
the MS enclosure to eliminate it from cat predation risk.  
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Fig. 7.4. Mala at MH and MH2 release sites. ♦ - indicates individual mala death due to cat 
predation at release site; ◊ - indicates time of site emigration by an individual mala. 
 
The majority of hare-wallaby deaths at the release sites were caused by cat predation 
(Table 7.1). Figures 7.1, 7.2 and 7.3 in particular, show rapid population decrease once 
cat predation began. These three sites averaged 172 days without any predation events, 
then averaged one death per seven days once predation began. In all instances, cat tracks 
were seen regularly at the release sites prior to the predation events.  
 
Table 7.1. Cause of reintroduced mala and merrnine mortality at release sites.  The 
percentage of animals that perished is shown in parentheses. Note: both animals at MH2 
dispersed from the release site, and are therefore not included in this table. 
Species Site n Cat Raptor Indeterminate 
Mala MH 5 4 0 1 
 MS 5 3 2 0 
Total  10 7 (70) 2 (20) 1 (10) 
Merrnine BH 6 6 0 0 
 BS 5 5 0 0 
Total  11 11 (100) 0 0 
Total  21 18 (85) 2 (10) 1 (5) 
 
Most animals that emigrated from the release sites were male (Table 7.2). Fidelity 
results were compared with the time (T=days) the animals survived in the wild. The 
average time a reintroduced mala survived away from the release site (T=34.2) was 
significantly less than that for mala remaining at the release site (T=103.4)(t(13)= 3.4, 
p<0.01). Similarly, the average time a merrnine survived away from the release site 
(T=39.5) was significantly less than that for merrnine remaining at the release site 
(T=211.8)( t(13)= 6.59, p<0.01). 
 
  Page 77 
Table 7.2. Number of animals who emigrated from their immediate release sites (> 1 km). 
 Merrnine (n=18) Mala (n=16) 
           Male 7 5 
           Female 0 1 
Total Emigrated 7 6 
 
Many hare-wallabies (39%) that dispersed from their release site were killed by feral 
cats (Table 7.3). The location and/or fate of four animals who emigrated from the 
release sites remained unknown. Due to the large percentage of animals that were found 
dead, it is unlikely that these four animals survived.  
 
Table 7.3. Cause of mortality of mala and merrnine emigrants.   
Species Cat Raptor Collar Indeterminate Fate 
Unknown 
Mala (n=6) 2 0 1 2 1 
Merrnine (n=7) 3 0 0 1 3 
Total 5 (39%) 0 1 (8%) 3 (23%) 4 (31%) 
 
Feral cat predation showed no significant preference for a weight class of merrnine 
(r(14)= -0.17, p<0.57), mala (r(9)= 0.21, p<0.60), or a combination of all reintroduced 
animals (r(23)= 0.31, p<0.16). 
 
The results found after a carcass was discovered and identified as cat predation are 
presented in Table 7.4. Typical kills associated with cat predation showed a high 
incidence of decapitation and stomach evisceration.  
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Table 7.4. Cat kill diagnostics. Details of hare-wallaby carcass’ after cat predation. n = 23. 
 Mala Merrnine 
Teeth marks present on collar (%) 78 93 
Carcass drag length (Avg.) 22.4 m 11.3 m 
Beheaded (%) 100 93 
Brain eaten (%) 14 22 
Organs eaten (%) 100 86 
Stomach removed (%) 88 86 
Stomach buried (%) 67 69 
Body buried (%) 29 25 
Forelimbs present (%) 38 21 
 
Evidence as to the cause of death was not obtained for two mala (17%) and one 
merrnine (5%). The carcasses were generally not discovered until they were partly 
desiccated. Therefore any potential tracks had been eroded and post-mortems to 
determine a cause of death were inconclusive. However, none of these animals were 
thought to have suffered from predation as the bodies were generally intact, and none 
appeared to have suffered from collar complications.  
 
A total of 13 carcasses were located the day after death, with four carcasses entirely 
consumed. In the instances where carcasses had not been fully eaten (n=9), attempts 
were generally made to cache (63%) bodies under leaf litter. Four of these carcasses 
were removed for post-mortem examination. Feral cat/s returned at a later date to 
consume all unutilized carcass’ that were left at each site (n=5). 
 
On four occasions, two or more animals were killed in consecutive nights.  The remains 
of seven of these carcasses were located the following day.  Two had been fully eaten 
(no organs or muscle remaining), three had been partially eaten (organs missing) and 
two remained entire (organs and muscle remaining). 
 
Four females were killed whilst carrying pouch young ranging in size from 3-12 cm. 
When located, all joeys were dead, possibly due to heat loss or starvation. Visual 
observations of the joeys found no external injuries and two were found outside the 
pouch, however this may have occurred post-maternal death.  
 
  Page 79 
In an attempt to end cat related deaths at the BH site, three sausage baits (identical to 
those used for aerial baiting) were placed in a carcass the day after it was cached. Two 
baits were placed under the skin, and one was placed inside the body cavity. The carcass 
was examined the following day to find that the baits had not been consumed, yet the 
remains of the carcass had been eaten.  
 
7.4 DISCUSSION 
 
The results of this study clearly show that the reintroduction of hare-wallabies into 
Francois Peron National Park was not successful in establishing a viable population. 
The macropods survived in some sites for up to nine months before they suffered short 
and intense bursts of predation, primarily from feral cats, that continued until localized 
population extinctions occurred. It is likely that any unmanaged future releases of these, 
and similar sized macropods, will suffer the same fate when reintroduced in the 
presence of equal or greater feral cat densities. This density averaged 2.3 cat 
tracks/10 km surveyed track over the duration of the study (T. Cowell, unpublished 
data). 
 
Previous studies on native Australian mammals, such as stick-nest rats (Leporillus 
conditor) and woylies (Bettongia penicillata), have identified feral cat predation 
patterns similar to those found during this research, where animals survived in the 
presence of feral cats for a period of time, before large scale mortality events occurred 
(Copley, 2000).   
 
Other macropod projects that reported similar mortality events have implicated a single 
cat as being responsible. For example, in Central Australia, mala colonies persisted in 
the presence of cats before sporadic killings occurred which eliminated the colonies 
within a 4 week period. Trapping of specific cats resulted in an immediate cessation of 
predation for periods of > 3 months (Gibson et al., 1994b). Furthermore, a single cat 
was believed to have played a significant part in the deaths of 57 adult allied rock-
wallabies (Petrogale assimilis) (Spencer, 1990) and a single cat may also have been 
responsible for the failure of a brush-tailed bettong translocation (Priddle & Wheeler, 
2004). The implication of such studies suggests that once a preliminary kill was made, 
the cat then selectively hunted the remaining macropods. This feline behaviour is not 
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considered unusual, as a study by Meek (2003) also found that certain cats have the 
capacity to hunt specific wildlife.  
 
On no occasion were two or more carcasses consumed at a site on a single night. If two 
cats were involved, it would be likely that each predator would be able to consume an 
entire hare-wallaby each. This implies that the stomach of the predator was close to full 
capacity after the consumption of a single animal. This observation further supports the 
single predator theory, with caching likely to occur once the immediate food 
requirement of the predator has been satiated. 
 
The tracks found at the kill sites in this study suggested that there was no attempt at 
predator evasion from any of the hare-wallabies. It is predicted, therefore, that the hare-
wallabies lack the ability to recognize cats as predators or lack suitable predator evasion 
skills. Regardless, the factors that prompted the cat to kill a hare-wallaby after a period 
of several months cohabitation remain unknown. 
 
The ability of a cat to rapidly deplete hare-wallaby populations is a particularly 
disturbing trend for conservation managers. Surplus killing is defined by Short et al. 
(2002) as “the killing of prey by a predator at a rate far beyond that necessary to supply 
its immediate needs for food or food storage, and is characterized by an absence of, or a 
low level of, utilization of the prey carcasses by the predator.” Surplus killing is thought 
to be caused by a combination of ineffective anti-predator defence and effective 
predation skills (Short et al., 2002).  
 
Caching of a prey item is an adaptive strategy that is generally used by animals that are 
experiencing a temporary food surplus or taking advantage of a particularly vulnerable 
prey species (Kruuk, 1972b; Vander Wall, 1990). Caching is also used to secure food 
from the attention of scavengers and conspecifics (Michener, 2000), thus providing a 
future nutritional benefit for the initial predator. Therefore, the caching of some hare-
wallaby carcasses suggests that the amount of food already consumed by the predator 
was sufficient to satisfy its immediate energy needs, and caching hare-wallaby carcasses 
provided the animal with a food source for later consumption. 
 
No previous Australian examples of surplus killing by feral cats have been found, 
although examples have been recorded with larger members of the Felidae (Stuart, 
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1986; Kossack, 1989; Stahl et al., 2001). The rate of kills, lack of immediate prey 
utilization and food caching by feral cats at the reintroduction sites is behaviour that 
show similarities to surplus killing. The feral cat predation behaviour implies that prey 
were being killed at a rate greater than the immediate requirement for food. These feral 
cat predation characteristics are not entirely unusual for the species, as previous 
research has found that appetite satiation of domestic cats does not reduce their need to 
hunt and kill prey (Biben, 1979; Meek, 2003). However, due to the general utilization of 
at least some part of a single prey and the lack of information on whether the predator 
returned to fully utilize all carcasses, there is not enough evidence available to state that 
the feral cat is a surplus killer. 
 
This method of cat predation may have severe implications for current and future 
conservation measures that rely on fox control methods for macropod conservation. 
These fox control methods are likely to increase cat populations (Dickman, 1996; 
Risbey et al., 2000), and indirectly, as shown in this example, this may lead to high 
macropod mortality rates through cat predation.  
 
Transient individuals are more likely to encounter cats (Banks et al., 2000) and less 
likely to evade predation as they pass through areas unfamiliar to them (Banks et al., 
2002). The results of this study concur, finding that animals which emigrated from their 
release site were likely to succumb to cat predation more rapidly than animals that 
remained. This has implications for future macropod reintroductions, whereby 
conservation officers should endeavour to retain released animals at the reintroduction 
site to increase their survival time and the genetic diversity of the reintroduced 
population.  
 
The results of this study suggest that management measures currently used to control 
feral cat populations on Peron Peninsula are insufficient to allow for the survival of 
mala and merrnine. The central Australian reintroduction of mala has shown that the 
trapping of the feral cat responsible for predation results in a cessation of mortalities 
(Gibson et al., 1994b). This result can theoretically be achieved by actively hunting the 
feline or using a non-detectable poison on cached carcasses. Fast detection of predation 
and carcasses, and the prompt killing of the cat responsible could allow for reasonable 
periods of little or no predation, thus allowing reproduction and population growth. 
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This research provides conclusive evidence that feral cats were primarily responsible for 
the destruction of reintroduced mala and merrnine. Thus, this study provides additional 
support that feral cats were primarily responsible for the failure of previous hare-
wallaby reintroduction attempts on Dirk Hartog Island and in central Australia. 
Furthermore, this research substantiates claims that feral cats could have played a 
significant role in the extinction of wild populations of both hare-wallaby sub-species 
from the mainland.  
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8. CONCLUSION 
 
Effective conservation and management of a species is entirely dependent on accurate 
and detailed information on their biology, behaviour and habitat requirements (Newell, 
1999; Carter & Goldizen, 2003; Moseby & O'Donnell, 2003). Prior to this study, little 
information was available on the ecology of either species, and no data were available 
to show how these animals reacted to reintroduction attempts. The knowledge gained by 
this study can now be used to enable conservation agencies and wildlife managers to 
implement improved and effective management strategies for the conservation of these 
and perhaps other similar macropods in arid and semi-arid environments. 
 
Results from the experimental reintroduction of mala and merrnine showed that the 
method of release did not affect site fidelity, body condition or survival of either species 
(Chapter 3, Hardman & Moro, 2006). Soft releases require greater financial resources 
and provide no conclusive benefit to reintroduced animals, therefore it is recommended 
that future reintroductions of mala and merrnine employ a hard release method. It is also 
recommended that future releases of captive bred animals incorporate a feeding 
program in the initial stages of a reintroduction due to perceived benefits to animal 
health and fidelity. Furthermore, in order to decrease male transience post-release due to 
“searching” for females, it is recommended that females be released at the intended 
reintroduction site prior to the release of male animals. 
 
Once settled post-reintroduction, both mala and merrnine regularly alternated between 
diurnal shelters, but continued to reuse some refuges over the course of the study 
(Chapter 5). Mala maintained an exclusively solitary lifestyle, with no recordings of 
animals sharing diurnal refuges. Alternatively, male merrnine regularly shared refuge 
with female conspecifics and were observed defending these refuges from other males. 
 
Hare-wallabies exhibited diurnal preferences for certain vegetation species and 
characteristics. Mala favoured dense, low lying vegetation for refuge. Mala preferred to 
shelter under L. hakeifolia, however they were also regularly found under a range of 
Acacia species. Triodia was the least preferred refuge vegetation for mala in this 
reintroduction, although Triodia species were regularly used by mala in central 
Australia (Lundie-Jenkins, 1993a). Alternatively, merrnine preferred taller vegetation 
which predominantly comprised of Acacia species. This vegetation provided dense 
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cover at branch extremity, but remained open closer to the tree trunk allowing for ease 
of movement for individuals within the refuge.  
 
The structural density of the vegetation provided the required protection from 
environmental extremes and predators, as no animals were believed to have perished 
from refuge related factors. Importantly, both species also showed flexibility in utilizing 
a range of vegetation types and adjusting this refuge to their requirements by altering 
unsuitable refugia characteristics. This indicates that the hare-wallabies are versatile 
species capable of adapting to the environment into which they are introduced. This 
conclusion should allow conservation officers the potential to use a range of vegetation 
communities when determining locations for future reintroductions. 
 
Both male and female hare-wallabies exhibited high overlap of territories, particularly 
during periods of food provisioning (Chapter 5). This indicates that males do not defend 
home areas, thus further increasing each animal’s access to females. Post-food 
provisioning overlap data confirmed that neither species protect exclusive feeding or 
socialising territories. However, low diurnal overlap results for male merrnine 
confirmed observations that they will defend diurnal refugia from competing males. 
 
Neither hare-wallaby species exhibited any difference in home range size between sexes 
throughout the majority of the study. The only exception was during the expected 
merrnine mating season (summer), when male merrnine increased home range area. 
This increase in home range size is likely to have provided them with greater access to a 
range of females. During this period, female merrnine decreased their range size, which 
may allow them to conserve energy during this period of high temperature and low 
available water, prior to rearing a joey. 
 
Mala and merrnine home ranges were small in comparison with those reported in a 
previous study (Lundie-Jenkins, 1998) and macropods of similar body mass. In 
addition, there was no evidence to suggest that there were seasonal shifts in home range 
location. These results indicate that the quality and productivity of available vegetation 
was sufficient for the energetic requirements of the small reintroduced populations. 
Thus, the hare-wallabies were not required to relocate large distances in order to avoid 
overuse of feeding areas.  
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The home range overlap exhibited by both sexes would allow high densities of hare-
wallabies to survive in small areas, particularly if the animals are being provisioned 
with food and water. However, future reintroductions must use caution when deciding 
upon a minimum reserve size needed to effectively conserve these species. The home 
ranges observed in this study may differ in other areas due to influences such as local 
habitat productivity, diet, social organisation and differences in hare-wallaby densities 
(Troy & Coulson, 1993). 
 
Another aim of this study was to determine whether the hare-wallabies could extract the 
required nutrition to survive and reproduce in an environment that had suffered from 
degradation by exotic pastoral species (Chapter 6). The vegetation at the release sites 
had approximately 10 years to recover from the grazing pressure applied by large sheep 
and goat populations. This period may be required to allow the vegetation to recover to 
the density and diversity required by hare-wallabies. However, even the low densities of 
exotic grazers present at the release site are known to limit growth, recruitment and 
structural complexity of vegetation (Lange & Graham, 1983; Brown, 1985; Friedel, 
1985; Auld, 1995). The body condition results obtained in this study demonstrate that 
the reintroduced animals, bred and raised in captivity, were able to physically adapt to 
their new environment and survive on the wild food sources. Thus, the historical impact 
of sheep and cattle, the continuing impact of moderate populations of rabbits (Sims & 
Himbeck, 2001a) and small populations of goats (pers. obs.) have not affected the hare-
wallabies ability to maintain healthy body condition.  
 
In addition to the body condition results, the presence of pouch young in all female 
hare-wallabies in autumn provides further evidence to suggest that the overall health of 
the animals was sufficient to allow sexual maturation and breeding success. Merrnine 
showed during this study that they are capable of continuous breeding, but appear to 
have a peak in pouch young in autumn. Similarly, the mala showed that they are capable 
of breeding throughout the year. These results concur with the findings of merrnine and 
mala on Bernier and Dorre Islands (Richards et al., 2001) and mala in central Australia 
(Lundie-Jenkins, 1993a). Other results obtained suggest that a natural environment may 
be more conducive to breeding than a captive environment, as two female merrnine had 
not given birth in captivity prior to release but were found with joeys post-
reintroduction. 
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This study has shown that hare-wallabies are robust and versatile animals that have the 
ability to cope with a range of vegetation communities, competition from exotic species 
and a level of habitat alteration (Chapter 7). The implication of this finding is that these 
hare-wallaby species should maintain healthy body condition and breeding ability when 
reintroduced into a range of historically disturbed environments. 
 
Intestinal parasite studies found nematodes and protozoans to be present in reintroduced 
hare-wallabies, but these populations were unlikely to adversely affect health. There 
was no evidence of any new parasite species being contracted from the release 
environment. In addition, no ectoparasites were found on any of the reintroduced hare-
wallabies pre- or post-release. However, it is recommended that future reintroductions 
of hare-wallabies continue to monitor parasite presence, as these endoparasite species 
have the capacity to negatively affect animal health if present in sufficient numbers.  
 
Although the hare-wallabies demonstrated an ability to adapt to a new environment and 
survive under extreme environmental conditions, they were not able to survive the level 
of predation applied by the remaining feral cats. This single factor should ensure that no 
mala or merrnine are released unmonitored into an environment containing similar or 
greater levels of feral cats. Furthermore, the suspected predation by a single feline 
suggests that even the presence of one cat could have significant consequences on an 
isolated, remnant population.   
 
The predation pattern implemented by feral cats is particularly difficult for macropods 
to overcome, regardless of the size of the reintroduced population. The selection and 
targeting of hare-wallabies as prey, and the resulting population reduction, far 
outweighs the ability of hare-wallabies to increase in population through successful 
breeding. Therefore, any future unmanaged reintroduction of these species seems 
limited to areas without introduced predators. The ability of hare-wallabies to adapt to 
new environments, coupled with the short-term success of the cat-free Trimouille Island 
mala translocation (Langford & Burbidge, 2001), suggests that exotic predator free 
islands are the most likely sites in which new populations of these species can be 
established. 
 
Although hare-wallaby establishment was unsuccessful at this attempt, Project Eden 
may still play a part in the future conservation of small macropods. By maintaining 
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regular contact with individuals in the reintroduced population through radio telemetry 
and mortality sensing collars, predation events can be detected, carcass’ located and 
poisoned, and predators removed. The use of a single release site would decrease the 
area in which a conservation manager would have to locate mortalities, and also 
decrease the number of feral cat’s potentially affecting a reintroduced population.  
 
These management techniques have the ability to allow more time for the population to 
increase, potentially providing wild born individuals that may be more successful in 
evading introduced predators. However due to the current lack of successful feral cat 
control methods, and due to the likelihood of cats always being in the area due to the 
presence of a town (Denham) within the park boundaries that keep domestic cats as pets 
under the current regulations, the wild cat populations are likely to be forever 
supplemented and present. Therefore, Project Eden is unlikely to be able to provide an 
area that is cat free to allow for the uninhibited and unmanaged survival of many native 
species. All future reintroductions are likely to require high levels of management 
which would increase costs of a program to a point where the reintroduction is not 
economically feasible. 
 
Combined with predation by the introduced red fox, the introduction of feral cats to 
mainland Australia is likely to have been a major cause of mainland extinction of mala 
and merrnine. Results from this study suggest that the success of future reintroductions 
may be more dependant on the strict control or removal of introduced predators than on 
the quality of habitat.  
 
The reintroduction of hare-wallabies onto Peron Peninsula will be historically 
remembered as a failure. The reintroduced animals managed to successfully establish 
themselves in a new environment and maintain healthy body condition, however, they 
did not have the anti-predator behaviour required to evade feral cat predation and 
sustain a breeding population. Future reintroductions must take into account the severe 
impact of feral cats on small macropods, and implement the appropriate management 
strategies to combat this factor. 
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Appendix 1. Age and collar details of released hare-wallabies 
 
Released Mala 
Identity Age (months) Collar type Collar weight % of body 
weight 
MSM43 13 Whip 30 2.31 
MSM46 11 Whip 29 2.28 
MSF49 9 Whip 29.5 2.56 
MSM51 9 Whip 29.5 2.91 
MSF41 18 Whip 31 2.44 
MSF10 >19 Whip 30 2.38 
MSF17 17 Whip 29.5 1.84 
MHM34 19 Whip 31 2.14 
MHM53 10 Whip 29.5 2.62 
MHF55 7 Loop 23.5 2.74 
MHF37 19 Whip 29.5 2.32 
MHM50 9 Loop 21.5 1.94 
MHF01 >19 Whip 30 1.92 
MHM44 15 Whip 30.5 2.08 
MHM39* 18 Whip 31.5 2.16 
MHM52* 11 Whip 29.5 2.61 
Acronym key: first letter- M = mala, second letter- S = soft released, H = hard released, 
third letter- M – male, F = female. Number = individual animal code. * released at site 
MH2. 
 
 
Released Merrnine 
Identity Age at release 
(months) 
Collar type Collar weight % of body 
weight 
BSM58 15 Loop 22 1.47 
BSM61 10 Loop 23 1.75 
BSM51 20 Loop 24 1.02 
BSF55 13 Loop 22 0.87 
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BSM53 18 Loop 23 1.15 
BSF62 11 Loop 21.5 1.36 
BSM56 16 Loop 23.5 1.13 
BSM60 24 Loop 22 1.33 
BSF50 19 Loop 23 1.12 
BHM46 25 Whip 32 1.43 
BHM54 19 Whip 32 1.36 
BHM52 20 Whip 31.5 1.53 
BHF40 28 Whip 32 1.60 
BHM47 25 B-loop 30 1.51 
BHM43 27 Whip 32 1.57 
BHF41 27 Loop 23 1.05 
BHF63 7 Loop 22.5 1.96 
BHM44 27 Loop 23.5 1.13 
Name acronym key: first letter- B = Merrnine, second letter- S = soft released, H = hard 
released, third letter- M – male, F = female. Number = individual animal code.  
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Appendix 2.  Diurnal refuge use by radio-tracked mala at three sites. n = number of refuges 
studied per animal. All figures associated with vegetation are based on percentage of 
times the vegetation covered the refuge. 
Site MH MS2 MS 
Cover species/mala MHF01 MSF17 MSF17 MSF41 MSM51 MSM43 MSF17 MSF41 MSM51 MSM43 
n 11 11 13 6 19 17 11 11 11 10 
Lamarchea 
hakeifolia 
100 91 62 33 68 6     
Cassytha pomiformis 100 100 69  68      
Acacia ligulata   15 33   56 18 18 90 
Acacia 
tetragonaphylla 
 9  33 5 35     
Acacia ramulosa     5      
Thryptomene 
baekeacea 
     47     
Beyeria cinerea   15 33    55 18 10 
Dianella revoluta    17 5 12 18    
Triodia plurinervata   15  5 6 82 64 73 80 
Austrostipa spp.   15 17 5 12     
Olearia dampieri   15  5      
Pityrodia cuneata      24     
Scaevola tomentosa      12     
Exocarpus aphyllus         9  
Dead   15  11 18 18  27  
           
No. of refuges used 8 11 8 3 14 8 8 10 9 5 
% reuse 27.3 0 38.5 50 41.7 52.9 27 9 18 50 
 % flee 27 9 15 33 74 12 9 9 55 0 
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Appendix 3. Average density of refugia vegetation for mala 
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Appendix 3a. Average Lamarchea hakeifolia density covering mala refuge in four height 
categories. Error bars indicate SE. 
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Appendix 3b. Average mixed Acacia density covering mala refuge in four height categories. Error 
bars indicate SE. 
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Appendix 3c. Average Triodia plurinervata density covering mala refuge in four height categories. 
Error bars indicate SE. 
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Appendix 3d. Average shrub density covering mala refuge in four height categories. Error bars 
indicate SE. 
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Appendix 4.  Diurnal refuge use by radio-tracked merrnine at the BH site. n = 
number of refuges studied per animal. All figures associated with vegetation are 
based on percentage of times the vegetation covered the refuge. 
Site BH 
Cover species/BHW BHM54 BHF41 BHF40 BHF63 BHM47 BHM43 
n 29 26 34 26 25 29 
Lamarchea hakeifolia    15  66 
Cassytha pomiformis    12  59 
Acacia ligulata  4     
Acacia tetragonaphylla 90 92 100 27 44 31 
Acacia ramulosa 28  12 35 44  
Thryptomene baekeacea       
Beyeria cinerea       
Dianella revoluta       
Triodia plurinervata       
Austrostipa spp. 4 15     
Olearia dampieri       
Pityrodia cuneata       
Scaevola tomentosa       
Scaevola spinescens 4 4 3    
Exocarpus aphyllus 14 12 27    
Heterodendrum oleifolium 4 15     
Brachychiton gregorii 7  12    
Persoonia bowgada 4   27 24  
Rhagodia preissii      31 
Mirbelia ramulosa      4 
Dead  4  4   
       
No. of refuges used 17 15 10 8 7 14 
% reuse 41.4 42.3 70.6 69.2 72 51.7 
 % flee 3.5 3.9 11.8 34.6 20 3.5 
Share % 51.7 53.9 14.7 34.6 28 3.5 
Shared with:       
BHM54 - 11 3 2 0 0 
BHF41 11 - 3 0 0 1 
BHF40 3 3 - 0 0 0 
BHF63 2 0 0 - 7 0 
BHM47 0 0 0 7 - 0 
BHM43 0 1 0 0 0 - 
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Appendix 5. Average density of refugia vegetation for merrnine 
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Appendix 5a. Average L. hakeifolia density for vegetation covering merrnine refuge in eight 
height categories. Error bars indicate SE. 
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Appendix 5b. Average mixed Acacia density for vegetation covering merrnine refuge in eight 
height categories. Error bars indicate SE. 
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Appendix 6. Home range (ha) and range overlap (%) results for mala. n = amount of locational data points; A/tote illustrates 
whether the animal was determined to have a stable home range using IAA. The ranges of animals that did not reach asymptote 
(N) were not used in analysis. 
Animal September 
ID 100%MCP Overlap n A/tote Cluster Overlap n A/tote 95%FK Overlap n A/tote 95%MCP 
MSM43 - - - - 2.07 35.73 31 Y 11.27 80.30 31 Y 10.93 
MSM46 - - - - 1.17 0 11 N 11.71 6.27 11 N 2.21 
MSM51 - - - - 3.42 32.47 32 Y 16.44 60.03 32 Y 13.03 
MSF41 - - - - 1.11 60.47 34 Y 13.65 75.80 34 Y 14.33 
MSF10 - - - - 2.74 22.27 28 Y 18.77 54.00 28 Y 13.05 
MSF17 - - - - 0.87 24.77 32 Y 14.59 55.77 32 Y 7.57 
MHF37 - - - - 0.74 17.93 35 Y 6.53 72.57 35 Y 5.11 
MHM50 - - - - 1.30 15.46 25 N 14.62 56.72 25 N 9.09 
MHF01 - - - - 2.38 7.07 31 Y 15.67 34.30 31 Y 11.81 
MHM44 - - - - 3.50 11.57 29 Y 14.60 59.20 29 Y 10.42 
 
 
Animal December 
ID 100%MCP Overlap n A/tote Cluster Overlap n A/tote 95%FK Overlap n A/tote 95%MCP 
MSM43 2.71 15.34 6 Y 0.65 3.50 28 Y 3.51 23.15 34 Y 4.46 
MSM51 3.20 13.80 7 N 0.12 16.95 29 Y 2.49 36.75 36 Y 4.80 
MSF41 0.09 5.07 4 N 0.29 0 28 Y 1.42 21.65 32 Y 4.46 
MSF17 2.57 0 11 Y - - - - - - - - - 
MHF01 1.25 0 10 Y - - - - - - - - - 
 
 
Animal February 
ID 100%MCP Overlap n A/tote Cluster Overlap n A/tote 95%FK Overlap n A/tote 95%MCP 
MSM43 0.15 14.35 10 Y - - - - - - - - - 
MSM51 0.59 30.86 11 N - - - - - - - - - 
MSF41 0.18 10.55 11 Y - - - - - - - - - 
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Appendix 7. Home ranges (ha) and range overlap (%) results for individual merrnine. n = amount of locational data points; A/tote 
illustrates whether the animal was determined to have a stable home range using IAA. The ranges of animals that did not reach 
asymptote (N) were not used in analysis. 
Animal September 
ID 100%MCP Overlap n A/tote Cluster Overlap n A/tote 95%FK Overlap n A/tote 95%MCP 
BSF50 - - - - 0.35 12.04 41 Y 6.84 83.92 41 Y 3.73 
BSF55 - - - - 0.25 10.82 39 Y 6.57 88.84 39 Y 4.18 
BSM56 - - - - 0.69 18.86 39 Y 9.38 72.02 39 Y 6.51 
BSM58 - - - - 0.61 15.88 41 Y 5.36 96.18 41 Y 4.13 
BSM60 - - - - 1.13 16.66 30 Y 12.34 55.56 30 Y 10.16 
BSF62 - - - - 0.80 17.44 43 Y 9.62 64.96 43 Y 5.14 
BHF40 0.8 - 3 N 1.42 20.02 40 Y 12.42 48.16 43 Y 8.18 
BHF41 3.47 - 5 N 0.92 7.52 40 Y 13.88 38.76 45 Y 15.35 
BHM43 1.93 - 4 N 0.63 37.16 41 Y 8.21 61.88 45 Y 8.87 
BHM47 0.72 - 4 N 0.59 43.30 30 Y 5.30 81.16 34 Y 3.90 
BHM54 2.95 - 5 N 1.04 29.36 25 Y 5.44 60.94 30 Y 8.72 
BHF63 0.62 - 3 N 0.56 15.18 27 Y 7.04 67.70 30 Y 4.66 
 
 
Animal December 
ID 100%MCP Overlap n A/tote Cluster Overlap n A/tote 95%FK Overlap n A/tote 95%MCP 
BSF50 - - - - 0.70 7.65 36 Y 3.75 49.95 39 Y 3.60 
BSF55 - - - - 0.20 0 33 Y 3.85 45.30 37 Y 4.37 
BSM58 - - - - 1.04 5.45 33 Y 11.98 28.15 36 Y 8.80 
BSM60 - - - - 0.39 3.12 10 N 3.35 68.84 10 N 2.73 
BHF40 - - - - 1.08 1.98 34 Y 10.59 20.44 34 Y 9.11 
BHF41 - - - - 1.34 0 37 Y 24.69 7.86 37 Y 20.38 
BHM43 - - - - 0.40 12.66 36 Y 7.76 32.86 36 Y 5.57 
BHM47 - - - - 2.72 2.44 32 Y 29.04 9.88 32 Y 13.09 
BHM54 - - - - 0.39 5.46 34 Y 6.25 27.44 34 Y 3.93 
BHF63 - - - - 0.32 13.76 33 Y 6.97 33.56 33 Y 6.49 
 
 
Animal January 
ID 100%MCP Overlap n A/tote Cluster Overlap n A/tote 95%FK Overlap n A/tote 95%MCP 
BHF40 1.68 25.00 18 Y 0.39 0.40 41 Y 15.87 28.54 59 Y 13.52 
BHF41 2.68 25.13 15 N 1.31 0 47 Y 7.79 12.48 62 Y 12.71 
BHM43 1.93 0 15 Y 0.89 0.22 45 Y 14.14 19.42 60 Y 12.96 
BHM47 0 50.00 12 Y 1.00 2.64 41 Y 32.27 15.04 53 Y 8.82 
BHM54 8.73 5.48 15 Y 1.77 1.68 46 Y 11.34 36.88 61 Y 29.94 
BHF63 1.89 2.58 14 Y 0.51 3.30 43 Y 7.22 29.50 57 Y 6.02 
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Animal April 
ID 100%MCP Overlap n A/tote Cluster Overlap n A/tote 95%FK Overlap n A/tote 95%MCP 
BHF40 0.25 13.75 15 Y 0.65 17.24 42 Y 10.23 32.22 57 Y 9.20 
BHF41 4.54 11.25 13 N 0.67 16.64 42 Y 6.43 45.32 55 Y 9.58 
BHM43 2.15 1.65 13 Y 1.30 10.72 38 Y 4.94 29.56 51 Y 13.48 
BHM47 0.18 0 14 Y 1.33 0 31 Y 5.52 22.64 45 Y 15.03 
BHM54 2.86 12.05 13 N 0.61 1.04 42 Y 7.27 42.44 55 Y 9.02 
BHF63 0.55 4.78 12 N 1.30 0 35 Y 37.37 10.82 47 Y 14.22 
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Appendix 8. Known distances traveled (m) for each transient hare-wallaby during the 
reintroduction.  
Species Animal ID Distance 
Travelled (m) 
Time Period 
(days) 
Average distance / 
night (m) 
Merrnine BSM51 24576 50 491.52 
 BHM46 21484 26 826.31 
 BHM44 28012 96 291.79 
 BSM61 19842 37 536.27 
 BSM53 23514 104 226.10 
 BHM52 4393 2 2196.50 
Average  20303.5 52.5 761.41 
     
Mala MSF49 18438 38 485.21 
 MHM39 8274 24 344.75 
 MHM53 21590 16 1349.38 
 MHF55 271 1 271.00 
 MHM52 44481 49 907.78 
 MSM46 18098 15 1205.33 
 MHM34 2431 1 2431.00 
Average  16226.14 20.57 999.21 
 
